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Foreword 

The  apparent  ease  with  which  concrete 
sidewalks  may  be  constructed  has  led 
many  of  the  uninitiated  to  undertake  such 
construction  with  little  experience  and 
less  knowledge  of  the  requirements  nec- 
essary to  obtain  the  best  results.  Properly 
constructed,  such  walk  has  no  superior  as 
regards  appearance,  cleanliness  and  lasting 
qualities. 

To  set  forth  the  requirements  necessary 
to  obtain  the  best  results  in  Portland 
cement  sidewalk  construction,  is  the  ob- 
ject of  this  booklet. 

The  specifications  presented  are 
preceded  by  general  notes  and  comments 
which,  it  is  hoped,  will  impress  upon  the 
reader  the  importance  of  enforcing  the 
rules  of  the  specifications. 
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PORTLAND  CEMENT  SIDEWALK 
CONSTRUCTION 

I  HE  object  of  a  sidewalk  is   to  provide  an  even  ind 

'  f -1    surfaee    for   pedestrians.     To    whatevc""  Un' 

a  material  or  construction  fails  to  j^rovide  evenness 

and  solKhty.  to  the  same  extent  the  mater  al  or  "n 

struction    is    unsuitable    or    defective.     Perm  nen"v 

vided.  unless^SlertJ^^r-"^  '''-'  ^'^^  ^-^ 
cepting  in  very  lin.;;^d\.:;;;i;^f   ^"'''"^  "'^'^  construction,  ex- 

bnck  are  still  used  to  a  small  extent  in  some  of  the  o  der  .n  l'      ' 
progressive  communities      In   the   liLrhf   of  ,      ^^'  " ''^'^ '^"'^  ^^'«s 

It  competitive  with  all  other  m-iteri-.l      Ti.,.  t'-r  ^^ 

fc--    1^1    uiL    material  and  inexperience   in    h-inrlUnfr ;+ 
many  walks  are  built  which   sooner  or  uLr  ^  "'induing  it, 

ripfppf,-,-^     -ru  /         ^"""cr  or  later,  become  more  or  ess 

aetectne.     Ihe  cause  of  these  defertc  ^vili  i...       •   ^    i 

^eansbywhichthey^aybe'^iide^CsLJ"'"'^ "'  """  ' 

from  failure  on  the  nart  of  fV,„K   .'y^"'^^/^f>'^^  frLciucntiy  results 

the  tapona,,:  *;sr;^cLL";!r;„L^^:is. "  '"''""^'^ 


■^-.^'^-'-^ll'  li  III  li'  m  nK'rfiPi^- 


There  are  certain  rules  which  should  be  observed  in  all  cases 
and  in  some  cases  additional  precautions  are  necessary  The 
location  of  a  walk  is  determined  regardless  of  the  natural  fitness 
of  the  foundation,  the  soil  and  drainage  conditions  and  it  is 
important,  therefore,  that  these  matters  l>e  carefully  studied  The 
materials  available  should  also  receive  careful  attention",  and 
should  be  selected  ,.ith  reference  to  quality  and  not  altogether 
wi  h  reference  to  cost.  The  weather  condition  at  the  time  a 
walk  IS  constructed  has  a  marked  effect  upon  its  behavior  and 
must  be  taken  into  account  to  assure  permanence 

Poor   workmanship,    which   includes   improper  proportioning 
of  materials,  the  placing  of   a   walk  on  an  improperly  prepared 
foundation  and  failure  to  take  into  account  weather  conditions 
IS    responsible    for   practically   all    failures    that   occur.     Failures 
which  can  be  positively  charged  to  poor  materials  are  few,  thoujjh 
frequently   materials    are    used    which    could    be    improved    by 
a  more  careful  and  intelligent  selection,   without  adding  to  the 
cost  of  the  finished  work.     The  quality  of  the  work  should  always 
receive  first  consideration  and  first  class  materials  should  always 
be  used,  even  though  the  cost  is  somewhat  increased  by  the  use 
of  such  materials.     The  y..  ipal  expense  in  this  class  of  con- 
struction ,s  the  labor  item,  and  the  labor  will  be  the  same  whether 
good  or  poor  materials  are  used. 

It  is  not  uncommon  to  hear,  as  an  argument  to  prove 
pn^per  workmanship  in  a  defective  walk,  that  the  same  workmen 
had  lai<l  satisfactory  walk  by  the  same  methods.  Granting  that 
the  same  workmen  may  have  built  two  walks  in  the  same  man- 
ner does  not  prove  that  the  necessary  precautions  are  always 
observed.  The  conditions  might  vary  materially,  and  unless 
all  points  receive  due  consideration,  success  could  result  in  one 
case  while  failure  would  follow  in  another.  The  necessary  quali- 
fica  ions,  therefore,  for  the  construction  of  sound  and  lasting 
vvork  are  good  materials,  proper  methods        ^  careful  workman 

ment  ^"^   ^'''^'^''  ^^^'^  ""''"   '''*^"    '     "'^   in  disappoint- 

MATERIALS 

_        The  selection  of  materials  is  the  first  consideration,  and    as 
in  all  construction,  an  important  matter. 

Cement.  The  methods  here  given  assume  the  use  of  Port- 
land cement  of  high  grade.  Natural  and  Puzzolan  cements 
are  unsuited  for  the  foi-m   of   construction   under   consideration, 
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the  former  because  of  its  low  strength  and  inability  to  resist 
abrasion  and  the  latter  because  in  work  above  ground  it  is 
weakened  by  the  action  of  the  atmosi>here. 

In  small  jobs,  it  is  only  necessary  to  secure  cement  from  a 
reputable  manufacturer,  but  where  the  quantity  of  wr.rk  will 
justify,  It  IS  advisable  to  have  the  cement  testecL  The  methods 
for  testing,  adopted  by  the  American  Society  of  Civil  Engineers 
January  20,  1904,  and  amended  January  15,  1908,  should  be  used 
and  the  cement  should  comply  with  the  Standard  Specifications  for 
Cement  of  the  American  Society  for  Testing  Materials,  adoi.ted 
June    1904,  together  with  subsequent  changes  and  amendments 

Aggregate.  The  quality  of  the  work  is  just  as  depend- 
ent upon  the  sand,  gravel  and  crushed  stone  as  upon  the  cement 
and  the  question  of  aggregate  should  receive  the  same  careful 
attention.  In  fact,  it  should  receive  more  attention,  for  much 
n^ore  dependence  can  be  placed  on  a  reputable  brand  of  cement 
than  on  a  natural  deposit  of  sand,  gravel  or  stone. 

While  Portland  cement  is  carefully  manufactured  under 
the  supervision  of  trained  chemists  and  engineers,  the  aggregate 
IS  usually  taken  from  a  natural  deposit,  and  mav  or  may  not  be  a 
suitable  material;  also  wide  variations  in  the' character  of  the 
matenal  in  different  parts  of  the  same  deposit  are  not  unusual 

In  selecting  an  aggregate,  the  character  of  the  surfaces  pre- 
sented by  the  particles  should  always  receive  close  attention- 
these  must  be  hard  and  permanent.  A  covering  of  anv  fine  mate- 
nal will  interfere  with  the  cement  or  mortar  getting  into  con- 
tact with  the  surface  of  the  aggregate  and  the  strength  will  be 
reduced  proportionately.  An  excellent  precaution  in  this  respect 
IS  to  avoid  the  use  of  dirty  materials. 

Some  experimenters  found  that  certain  sands  gave  better 
strength  with  the  addition  of  10  or  15  per  cent  of  finelv  divided 
clay  than  when  tested  without  the  clay.  This,  however,  is  no 
argument  m  favor  of  dirty  materials.  The  addition  of  a  small 
percentage  of  finely  divided  clay  might  be  permissible  when  the 
clay  IS  treated  as  a  separate  material,  while  even  a  much  smaller 
quantity  naturally  occurring  in  the  aggregate  might  make  it  wholly 
unfit  for  concrete  purposes. 

In  order  to  obtain  the  best  results,  the  aggregates  should  be 
well  graded;  that  is,  must  not  contain  an  excess  n(  nne  size  nar 
tides  and  contain  but  a  small  percentage  of  fine  particles. '  In 
the  case  of  stone,  the  material  will  usually  be  quite  satisfactory, 
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provuled  the  stone  in  itself  is  hard  and  durable  and  not  afTected 
by  exposure  to  the  elements,  and  provide<l  it  is  prepared  and 
markete<l  under  conditions  which  assure  its  being  clean  and  free 
from  a  covering  of  dust  or  other  matter. 

Some  stone,  though  apparently  rjuite  hard,  presents  a  chalky 
surface  with  which  it  is  impossible  for  the  cement  to  form  a  per- 
fect bond.  Stone  of  this  character  should  be  avoided,  for  it  cannot 
possibly  produce  good  concrete. 

In   sand   and  gravel,   one   is  dealing  with   entirelv  different 
materials,  but  materials  probably  to  be  preferred  to 'stone  and 
screenmgs  when  selected  with  sufficient  care.     The  use  of  san<l 
and  gravel  is  very  popular,  due  to  the  ease  with  which  they  are 
obtamed  in  many  localities.     Where  these  materials  are  rmdily 
secured,  they  are  frequently  use<l  as  they  come  from  the  deposit 
with  httle  or  no  thought  given  to  their  fitness  for  the  work  at 
hand.     The  character  of  the  materials  which  are  sometimes  used 
in   concrete   is   surprising.      Aggregates    should    alwavs   be    firm 
and  hard  and  should   remain  so    when  exposed    indefinitely    to 
the  weather.     It  is  quite  common  to  find  a  considerable  quantity 
of  shaly  pebbles  in  some  of  the  glacial  sands  and  gravels  of  the 
upper  Mississippi  Valley.     These  pebbles  are  not  strong  in   the 
first  place  and  disintegrate  readily  when  exposed  to  the  elements 
They  also  absorb  water  readily  when  used  in  concrete  and  ex- 
pand under  the  combined  action  of  moisture  and  frost,  injuring 
the  concrete  to  a  more  or  less  extent      Though  the  eflect  of  the 
soft  sand  grains  is  not  so  apparent  ....  is  the  efTect  of  the  larger 
pebbles,  such  sand  cannot  possibly  produce  first-class  results  if 
the  shaly  particles  form  any  considerable  portion  of  the  sand  con- 
tent.   In  the  territory  referred  to  it  is  not  unusual  to  find  side- 
walks badly  pitted  and  marred,  as  a  result  o.  the  disintegration 
of  this   shaly   material.     These  shaly    particles   are    undesirable 
because  they  are  both  weak  and  unstable.     A  concrete  can  never 
be  stronger  than  the  material  making  up  the  aggregate. 

_  The  size  of  the  sand  grains  and  the  relative  proportion  of 
grains  of  different  size  have  a  very  marked  effect  on  the  value  of 
the  sand.    See  Table  B. 

At  least  75  per  cent  of  a  sand  should  be  retained  on  a  40 
mesh  sieve  with  the  particles  well  distributed  between  that  size 
and  the  size  passing  a  4  mesh  sieve  with  an  increasing  pro- 
portion on  the  coarser  sieves.  Such  a  sand  will  have  much 
less  total  surface  than    one  composed    of   equal    proportions    of 

12 


'"'^      i    -SiSi' 


■■2f4"^»"i^''  IfikSiQg^'^^^a 


particles  on  the  several  sieves.     A  sand  made  up  entirely  of  fine 
particles  will  present  a  very  much  larger  surface  which  must  be 
cx)vered  with  cement,  than  either  of   the  sands  above  mentioned 
I'or  instanc".  the  total  superficial  surface   of  a  given   vr.lume  of 
spheres  one-sixty-fourth    inch    in    diameter   is   sixteen    times   the 
surface  of  the  same  volume  of  spheres  one-fourth  inch  in  .liameter 
As  the  making  of  a   first-class  concrete  necessitates  the  perfect 
covering  of  every  particle  of  sand  with  cement  an<l  everv  par- 
ticle of  the  coarser  aggregate  with  the  cement-san.l   mortar'    it  is 
apparent  that  materials  with  an  excess  of  fine  particles  should 
be  ayoidol.     The  same  line  of  reasoning  is  applicable  to  the  com- 
bined aggregate  in  the  concrete. 

Occasionally  one  sees  a  mixture  of  cement  and  sand  used 
for  the  concrete  base  in  sidewalk  construction  and  cannot  help 
bemg  impressed  with  the  fact  that  the  user  fails  to  appreciate 
the  recjuisite  of  a  good  concrete. 

In  Table  A  will  be  found  a  physical  analysis  of  a  material 
taken  from  a  sidewalk  job  in  which  it  was  being  used  for  the  con- 
crete m  the  proportion  of  one  part  cement  to  four  parts  aggregate. 

TABLE  A— SAKD  ANALYSIS 


Weight  of  Sample— 500  Grams 

Mea.sured 

and 

Computed 

Voi<ls 

1 

•J! 

♦Percentage  Retained  on  Sieve  No 

Thru 
No. 

200 

4 

10         20    1    30 

40 

50 

80        lO) 

2()0 

2.0 

15.6     14.8   1  17.8  1   11.2 

5.4 

27.6       2.2 

3.8 

l.OiT 

29.2 

33.2! 

2 
O 
u 

'u 


The  general  quality  of  this  material  was  fairly  good,  though 
It  wil  be  noted  that  only  .  per  cent,  of  it  could  be  considered 
^  u  'n..  P^^ticlcs  found  in  the  sample  were  larger  than  .1 
inch.  The  vokls  in  the  sand  were  33  per  cent.,  by  displacement 
29  per  cent.  The  mixture  of  i  cement  to  4  sand,  therefore,  was 
out  of  balance,  the  cement  not  being  sufficient  to  fill  the  voids 
•Not  only  did  this  volume  of  sand  contain  more  voids  than  the 
cement  could  fill,  but  the  excess  of  fine  material  detracted  from 
the  value  of  the  sand  as  it  was  being  used,  because  it  presented  a 
very  much  larger  surface  than  the  cement  could  possibly  cover 
Byrefemng  to  Table  D,  it  will  be  seen  that  with  a  sand  having 

*The  sieve  number  refers  to  number  of  me.shes  per  linear  inch. 
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»^f8!j^"ip?afe»:s?-* 


cent  of  voids  was  a4i  able  '  rn-  r      "f  ^'^f  ^••"^'""•"^'  45  per 
m,xe,l  with  the  :  ccwnt  Ji  ti  ^  ^m^^^^^^  -;""'•  ••^' 

produccl  woul.l  he  far  suoerior  t     T       '  *  I''  ^"""'-"'•^■t^'  ^h^s 

and  4  parts  sand  wl^  .     ^^^^^^  J^j  ":;^- .;;^   rpart  consent 
a  saving  of  ahout  50  per  cent  of  thrcement  "  ''"^^  ''''''''"' 

Xo    I;;  Series^R    iTf"    f'V?  ""■'  "^  '•^P'--!"^^"!   from  Bulletin 
.>".  331,  strits  K,  Structural  Materia  s,   j    United  St-,t..«  f\.  i 

.cal  Surx'cy,  show  distinctly  the  comrnrdivc    v    ,        ^    ^^^^'^'• 

like  composition  and  general  char?eT.  r         .  '  "^  '''"'''  "' 

proportions  of  dUIerent's'^l  gl^ab^      '        '   '^"-'"^'  '"  '•^''^^'^•^■ 

TARLi;   n-COMPARATIVi;  VALUE  OF  SAXDS 


I 

1 

i 

'/) 

5          Source 

y.          uf 

I.<K'ation. 

•a 
'5 

1 

"'I'erientajje  Retaiiie,!  nti 
Sieve   NO. 

if 

Supply. 

1 

£ 

u 

ict  = 

J 

'O 

20 
16,3 

30 
16.  0 

40 
ig.o 

i 

0 

u 

Bank  Sand  .  ., 

Attica,  Ind.    . 

34  0 

26    Q 

40  5 

t2     1 

?7-5 

3   0 

41 

K^i^.%0.0 

2 

447 ; 

3 
4 
5 
6 

River  Sand.  . 

Limestone  .  . 
.  .  ( 

St.  Clair  River 

St.  Louis,  Mo. 
jreenfield.  O 

"•7 
2.0 
0.2 
10.  I 
I  .  I 

27.1 

I  .0 
39-5 

9  9 
44   4 

26  (, 

•■«, 

27  5 
40.3 
21.4 

.6.4 

2.0 

II. 6 

'3    7 

8,5 

'4   3 
8.5 
9   4 
7   9 
4    9 

72 

25-3 

6,8 

72 

3.4 

7   3 
60 . 0 

4    7 
3«    0 
174 

7  7.^0 
2729 
6742 
4go8 

8  5  00 

sand^Zk  "nlr'AT'"'    \  .'"'   ^'  '^^''^  ^'  ^^'^^^^  ^^^  ^^e  same 
Sana   bank    near  Attica,   Indiana,  and    differing  only  in  size  of 

grams,  it  will  be  noticed  that  when  made  up  into  a\  T  momr 

the  compressiye  strength  of  Sample  2  is  mofe  than  70  percent 

greater  than  the  compressive  strength  of  Sample   ?     As  other 

conditions  are  the  same,  it  is  evident  that  the  low  strength  shou^ 

^^  ^  t?t  ^~  S^C^^^  3ta 

^jrectof  su^  f^e  n^^er^  r^:^^^^^::^,^ 

cent,  greater  than  Sample  ,.^'"'^  ''''"^''^  "^"^^>^   ^5o  per 
*The  sieve  number  refers  to  number  of  meshes  per  linear  inch. 
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s  ,k  nmcnt..l  ,s  shown  l.y  the  tests  .n  Samples  5  and  6.     Here 
a  so  the  c..mpress,ve  strength  is  in  (avor  of  Ihe  coarser  mat       1 
Samp  e  .  hem,  more  than  ;o  per  cent,  stronger  than  SampL  ,      ' 

not  ncc(ssar>   m  the  case  ot  gravel  an.l  crushed  stone    the  arL'u 
ments   m   h.vor  of  well  j,radc.d   material   are  equally  applijX 

least  cement,  the  a^^regates  sh(.uld  he  s(,  graded   that  each  suc- 
cessive size  material  will  fill  the  interstices  left  Iv  r 
lari'.T  «iv..      nf                        ...    '"^»-'^"^«-5»  icit   ()\    tlK-  t)rece(  UK' 
l.'rj^cr  s/e.     Ot  course,  such  ideal  material  is  not  a  c.  mmercid 
article,  hut  in  selecting  an  aggregate    the  points  wlic     g  Tn    k' 
up  the  Ideal  should  he  kept  in  mind.                                    ^ 

The   relative   percentage  of   voids   in    two   materials    one   of 

l^'d^a^^'^^n  f^'''''  ^'"'-'^^  ''''"'  ^'  '-^•«"'-  size tll,   ' 
isckarU    shown  hy  comparing   the   sand  in  Samp' •  2     Table  R 

;vuh  the  vouls  in  a  mass  of  round    shot  of  unifo-'  TsL  1": 

.•rmer  case,   the  voi<ls  ecjual   .6.,  per  cent.,   w'   ic  Tthe  Itter 

my  c^ual  47.6  per  cent.     That  is\o  say.  'there  wH  be  n  ■     K 

::^:i:"niii^esrr^^^""^^^~ 

Size   of    Aggregate.     A   study  of  Table  C.  which  compares 
the     principal     rec.uirements     in    the     specifications    for    cem  ^^ 
s-dewalks   of   thirty-six  cities,   indicates   that   aggregates   excv 
■n.    .1    inches   in   diameter    should    not  be    uscth    'unl^b        v 
c  e  are  many  gravels  which  would  give  good   results,   thot.gh 
eontaimng  larger  sizes,  but  this  limit  is  safe  and  the  one  mos 
often  applied  to  this  class  of  work.     The  lower  limit,  i  inch   .h    h 
.s  also  the  upper  limit  for  sand  and  stone  screenings,  is  a  m  st 
universally  accei)ted.  aimosi 

Unscreened  Graver.     In  m.my  district.,  unscrcon.,1  gravel 
(gr.yd    as    .t    comos    from    the    bank  con,amin„    b„th    l,X 
an.l  fine  particles),  is  used.     This  practice  should  be  a  „idc     " 
such  n,.-,tenal  usually  contains  a  la^e  excess  of  sand,  an        .V 
be  much  .mprove.]  if  .creoncl  and  the  proper  proportions  of    n 
and  coarse  particles  remixed.     The  increase.!  value  of  the  rcn,ixed 
.We,ate  over  the  natural  materia,  ,vould  more  than  j  s   fV 

*";r  .xTearir  ^-^'^^ " '" '"  ^"^'»  -^^  ■"--- 
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FOUNDATIONS 


Tl..'  f..nn.|.-,„.,„  ,„„s,   |,r.,vi,l..  .   ,„,.,„,„,„,„  ,.,..,  ,,„.  „ 

-";"•■':- ' '■'■ a,,,i;;;:,;;:,r;;;;::^:.:;i:::;"-* 

t<Tr.    II  soil  uluTf  th..  <.,!,  1     .  I  "••'^'■1  l'>  tr..st.     Hut.'- 

-••■^ -- » '- ";w^^^::C'':i::;;;t;;r;t7T: 

l-st    .m.aMs    n,    sMpplyinK'    this    a.l.Iiti..„..l    .IrainJ.      '        ,  . 

fasr.sa(,l...lraiMuiIIl,c.,urcssary.  """'' 

tyi-.rsp.vial  drains  usnl  in  tin...  citi..!!  'M>..  h ^Icscnl.  Hh- 

/V/,.,./...,,/    ,./    p„,,i,-^.    „.,^/,^,      ,,.^^^.^^  /'...v,./..,,,, 

I  araj^'raph  404.  '       '  ^'i"\^'"iiihi. 

Foundations.     •Th,.  f,„„„ln,i„„.,  shall  !„■  of  cin.I,  r  „r 
1.V  l-'51  hv,  al„„„  ,lu.  Ii„,  „f  „„.  „,,H.."'   S.,.  iWl- 

/<..,..,/ ../  /•„/,//,.  ,■,„,■./.,, r,„„„„„„-.  ,„„•,,  ,,:,„^,-; 

.nHs  l,y  ,,„.„  ,„l,,.r  arn.„,on,..„.s  as  .he  ..,„*„,.  n,:;;,.! 
Material.     Th,-  matorial    t,i   1.,.   uso,l   l„r   .1,,.  f        i  .• 

=;:;;:r;=r'™;-;;,;r,£,S=-? 

;  c. or  as  ,..  w.thstan.l  .a.nping  „i,h„u.  crushing  ,„  ,h,.  "x   «  th' a 

It    Will    prevent   prot.er   <!rain-i-e      Si-n-in.      ■    i  '-•^tcnt  mat 
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Construction.     In    the   construction   of  n    walk    it   i,   „„. 
«sary  th.u  the  foundation   bo  so  built  that  neitl      u^'  ,  ,"t 
elements  can  change  its  ability  to  su,,|x,rt  the  «v,lk    Tm,  ro 

<■  8  ..n,l  ,      It  ,s  true  that  a  crack  through  the  center  of  a  w,lk  n,  v 

z\  ":r""%"'  ?""'""«'  '•"'  "■'^™ "  ■»  u„,.ers.„„  h  "i^ 


Crack  through  center  of  a  6  foo/'i^k.  Lultin,  fron.  poor  foundation. 

tho   f'^P^r"!!**"    «^    Sub-Grade.     As    walks    seldom    rest    upon 
0    top   of   the-   ,.roun.l.    it  is    t.sually    necessarv    to   preparo^he 
sub-grade  upon  which  the  sul.-l.ase  or  foundation  is  est     h'shed 
Th,s  .done  by  either  of  the  two  nu.th<Kls  shown  in  Fig^e  If 

ccssit>  for  further  preparation,  but  if  it  contains  anv  soft  or  SLon^xv 

t^J     1  '""T"!   '^'  ^^"^^''^■^'''   ''^"'^   ^^-'  '-^-   fill.         t      fil' 

preparation    requires    more   eare  and  it  is  not  strmL^e  th-.t 
many    foundation    failures   ean   be   traeed    to    in.pr.!^::K'\;^ 

op  of  the  fiur    ''  T-  '^TT'  ^'-'"^'^  '"^y^^^  '-'-  ^^own  at'^th 
top  of  the  fill  to  emphasise  the  faet  that  at  least  the  upper  portion 
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Figures  8  and  9  show  plainly  the  necessity  of  providing  a  proper  fill  and 
then  preserving  it.  In  this  case  the  fill  was  of  sand,  and  was  scarcely  wider 
than  the  walk.  Not  being  properly  protected,  it  was  rapidly  destroyed.  At 
one  point  the  walk  was  undermined  nearly  a  third  of  its  width,  .\Itli.,u<,'h  the 
walk  was  of  fairly  good  construction,  it  is  being  broken  away,  as  is  shown  in 
Figure  9. 
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tmckncss,  and  m  no  case  should   ono  undertake  to  comnact  •, 
fill  in  layers  cxceedmg  ,o  inehes  in  thiekncss.  When  the  m  teria 
and  eond,t,ons  will  permit,  the    intelligent    use    of   wa™    "i 
ss,st  greatly  m   compacting   a    fill.     The  reason   lor  exu^.W 
the   fill  and  sub-base  beyond  the  walk  at  the  line  of  the  s^ 
grade,  as  shown  m  Figure  ,,  is  made  evident  by  Figures  8    md 

^  pdL*^  «:ir  lu-^d  r,r ridt:  ^rzr!. 

Imes  shown  m  Figure  ,,  .v-.ugh  the  sub-grade  may  be  an  im™  n 

iiiedTth:  'sUtr  ""^■"  ""^ "-  -''^  °'  *»  --  -s 


PROPORTIONING 

f;r  concrete  to  be'^made  ^"m  7^:"™:;^^- r"!    'r;:- H 
«o  k  ,s  large  enough  and  of  sufficient  im,„rtanee  to  justih.rstu.lv 

,^,     ?    >,/  Fuller  states  that  the  ordinary  mixture  for 

per  cubic  jardof  concrete.     By  carefully  grading  the  material 
he  d,d  on  one  occasion  obtain  water-tight  concrete  wkh   a  mix 

reh     T'-Vr™''  '  P"--'^  ^»''  ""•'  '  P^rt^  coarse  aggre"c' 
Unch    e, luced  the  cost  of  the  concrete  ,8  cents  per  cubfc  Vard 

"at"  t'i'htV'""""""-''  '""'  '^'  '■'""^  ^'-"«"-   '""  "      '  •    or 
ater-fghtness,  are  qmte  synonymous  when  applied  to  concrete 

■t  ,s  read.ly  seen  that  Mr.  Fuller  obtained  a  concrete  in  the T,  ,' 

rXLTntsr  "™^  "^  '"^  -  -^  -*  -^■--  -  ^  -  *-*^ 
Under  ordinarj-  conditions,  the  most  practical  way  of  arriving 
at  the  proper  proportions   is  by  the  determination  „    voids      B? 
vo,ds  m  a  mass  of  material  is  meant  the  .space  that  is  occupied  b 

cTn je'fthe  ror;:L™:"' '"  -""">' '-'-'  -  -  ^  -■ 
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TABLE     C 


Augusta,  Oa 

Minimum  Thickness 

1 

I     Max. 

Rise 

F«>t 

Drain 

Proportions 

Sub- 
Base 

4' 

Base  j    Top 

Base 
1  Cement  to 

4-    !   r     :     i- 

Rot  Specified 
•■           *« 

8  Sd.  :  4  S.  or  B. 

Baltimore,  Hd 

4' 

8  Sd.  :  6  S. 

Boston,  Mass 

ir 

1  """"  r 

•• 

\    I'      '      V 

•«           •« 

S  Sd.  :  8  S. 

Buffalo,  N.  Y 

A" 

«' 

4- 

t*           «i 

6  Or. 

Cedar  Rapids,  la 

Chattanooga,  Tenn. .  . 

6- 

• 

1     *• 

8'  Tile  in  1' 

X  1'  Trench. 

8  Sd.  and  Or. 

8'-4" 

1" 

Rot    Specified 

8  Sd.  :  8  S.  or  Or. 

Chicago,  III 

1     •• 

r 

1- 

1' 

«•           i« 

84  Sd.  :  8  S.  or  Or. 

Cincinnati,  0 

!      •• 

1' 

8'  Tile  where 
Eng.  directs. 

a  Sd.  :  8  P.  or  Bg.  or  Bid. 

Cleveland,  0 

1      .' 

*' 

U" 

R.S. 

Not    Specified 

8  Gr.  or 

8  Sd.  :  8  SI.  or  S. 

Columbus,  0 

8- 

N.S. 

%" 

r    1     r 

v       i- 

8"  Tile  where 
Eng.  directs. 

a  Sd.  :  4  Cs,  or  Or. 

Grand  Rapids,  Mich.  . 

»i' 

Not  Specified 

4  Sd.  :  8  Or 

Kansas  City,  Mo 

6* 

»*• 

*-       1- 

•1           «i 

a  Sd.  :  4  Cs. 

1  Sd.  :  ,  J.  F.  or  Or. 

Lincoln.  Neb. . 

8' 

%" 

1* 

■m   B 

4  Gr.  +  Sd.  to  fill,  or 
8  Sd.  :  4  S. 

LitUe  Rock,  Ark 

N.S. 

m\f 

r 

•• 

.. 

a  Sd.  or  Scr.  :  4  Cs.  or  Gr. 

Los  Angeles,  Cal 

6- 

8-t 

4' 

l« 

«(                         44 

8  Sd.  or  Scr.  :  8  Or.  or  S. 

Minneapolis,  Minn. .    . 

1' 

_«*!_ 

i' 

** 

4(                         .4 

4  Sd. 

New  Orleans,  La 

R.S. 

1' 

■  4 

44                         44 

8  Sd.  4-  S.  so  mortar 
overfills  ao^. 

N.  Y.— Brooklyn 

7' 

1- 

" 

41                         44 

3  Sd.  :  6  S. 

R.  Y.— Manhattan  . . . 

7' 

1" 

•  1 

•  •                         *l 

a  Sd.  :  4  S. 

Philadelphia,  Pa 

14' 

ir 

14 

44                         44 

8  Sd.  or  Or.  :  8  S. 

Pittsburg,  Pa 

•• 

rTs. 

1" 

i' 

18'  X 10'  S. 
88'  c  to  c 

8  Sd.  :  8  Cs.  or  Gr. 

Portland,  Ore 

r 

R.S. 

Not  Specified 

8  Sd.  :  S  or  8  Cs.  or  Gr. 

Rochester,  R.  Y 

6' 

R.  S. 

1- 

1- 

■1           II 

a  Sd.  :  4  Cs.  or  Gr. 

San  Francisco,  Cal. .  . . 

N.S. 

i- 

R.  S. 

II           II 

Drain  Tile 
where  Eng.  dr. 

41  Gr.  or  Cs.  + 
Sd.  to  fill  voids. 

Seattle,  Wash 

•• 

ii' 

»' 

14 

8  Sd.  :  6  Gr.  or  Cs. 

South  Bend,  Ind 

•* 

Al  « 

r 

r 

Not  Specified 

a  Sd.  or  Scr.  +  S.  so  mortar 
overfills  a  parts 

Springfield,  III 

4" 

1' 

4" 

II           II 

8  Sd.  +  S.  so  mortar 
overfills  voids. 

Springfield,  0 

S' 
8' 

1- 

R.S. 

II           II 

8  Gr. 

Superior,  Wis 

1' 

•• 

See  Specific. 

8  Sd.  :  8  8. 

Stewart,  J.  A. 

Cincinnati^    

8* 

I' 

44 

8'  Tile  in  4' 

X  6' trench. 
Rot  Specified 

3  Sd.  :  4  Gr. 

St.  Louis,  Mo 

8' 

S^" 

i- 

44 

8  CO. 

St.  Paul,  Minn 

4''S. 
6"  Cds. 

1- 

•• 

II 

3  Sd.  :  8  S. 

Syracuse,  R.  Y 

R.S. 

r 

11 

41                         •( 

8  Sd.  :  6  S.  or  Gr. 

Toledo,  0 

6*  Or. 
8'  Cds. 

V 

r 

44                         14 

8  Sd.  :  8  S.  or  Gr. 

U.  S.  A.  Ft.  Sheridan  . 

lO" 

V 

R.  S. 

II 

3  Sd.  :  4  S. 

Youngstown,  0 

4' 

V 

i' 

II            II 

6  Sd.  :  Or.  or  S.  so  mortar 
overfills  voids. 

♦  Mortar  for  top  flushed  from  rich  base  bv  tamping. 
i  EriKf.  for  number  of  villages  near  Cin't'i. 


t  2'  on  "adobe"  soil. 


Broken  Bowlders 

=  Bld. 

Hrick 

=  B. 

Pebbles 

=  Bp. 

Cinders 

=  C<k 

Crushed  Granite 

=  CG. 

Stone 

=  C8. 

Dust 

=  Dst. 

ABBREVIATIONS. 

Gravel 

=  Gr. 

Cranitp 

-G. 

Granite  Screenings 

=  GScr. 

Hard  Coal  Cinders 

=  HCds 

Joplin  I'lint 

=  J.  K. 

Not  Sfetified 

-N.  8. 

Pebbles 

=  P. 
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Stone 

-S. 

Soft  Coal  ClndL-rs 

-■-•"•:, 

Screenings 

Sand 

Slag 

SI. 

Torpedo  Sand 

-Torp 

^^. 


'*»€'■ 


'i^li~^<' 


-  ^iV^-i> 


CITY 


Proportions  i 

Top 
I  Cement  to  ] 


TABLE     C 


jThru  IJ 


Auguite,  Ga il  Sd._  ijf.  g. 

B.lti«or..  Md. . .  .j}  id!  ?'l  scrjc._^sub.«tu.^  Thruji 
Boston.  M.ej.....lScr^^j^  leg 


Foundetion      l-i^".  °'  *":«!!!L_!     M.,hod,,of 
K'""  B.S,  Top  *""""     - 

Base    I    Top 


Size  of 
Blocks 


Cedar  Rapids,  la. .  'if.  S. 


CdsJJr.  Cs.  Sd.     Thru  1 


Chattanooga,"  Ten  im^T^^^^H^^ 

Chicago.  Ill liid^orScr-wT 

Cincinnati.  0 IJSd 

*''"""*''° ?,^. 'cLiLCds.  orGr.'ir 

§°'""''-.  O !i's?.^[fSrp.'sCds.  or  sl  '»..» 

Gr'd  Rapids,  Mich.  2^Sd^_;;^:ir& ^ "  fi^? 


Ho.  1     '4^Square 

W.  S.     '8'  Long 

IS  sq.  ft.  to 
36 


Ho.'»    'iWo.  1     |4'  Wide 


Cds. 


No.  16-1' 

|s.ir"" 


Kansas  City,  Ho.  .  'li  Sd. 

^""°"''  "•" |»*St^Scr,|c5,^^^Br  IgV^: 

LitUe  Rock.  Ari-   .  jjHiSc^orScr.   jw^s. 

Los  Angeles,  Cm      i  J  Sd. 
Minneapolis,Miir.  aJdT 


?;.  -—!'!<>•«  ♦       'S'  :  6' Long 

LJi«»»ov:  Pit.  Ho. J   IhTsT"  mTo.  ft 

Ho.  1     I i 

?  _11_  »i><ilAbt^ 

52:ij£I55£_JHo.  1  Wl  V;  6' Long 
Spe^UL SHo.l     Vx6'  

??i«AM^     Ho^»     'Ho.aj4':6'Long 
Wo.  a     jWol      6' Wide 


Thru}' 


Hew  Orleans,  La.  .  I  Sd. 
W-  ''•—Brooklyn  .  IJ  Scr. 
H.  Y.— Manhattan  ' 

Philadelphia,  Pa. 

Pittsburg,  Pa 

Portland,  Ore. 

Rochester,  N.  Y. . 

San  Francisco,  Cal.  i  IGr. 

Seattle,  Wash |l  Sd 

South  Bend,  Ind. 

Springfield,  III. . . 
Springfield,  O. . 

Superior.  Wis 

Stewart  J.  A. 

Cincinnati   .  . 
St.  Louis,  Mo. .  .  . 

St.  Paul,  Minn. .  . 
Syracuse,  H.  Y 

■''"'•''o.  O a  Sd.  or  Scr. 

D.S.A.  Ft. Sheridan  IliSd. 


Ir-r 
i--a 


cs^d8j^-»^  'iMr  js.  thru  r 

GrTcTsCdT 

Thru  a"  Thrur     Thru  }' 


i??ii_!Ho:  1  4jJ Jt^sq. 
N.S.  |llo.  1  4:6ft.  sq." 
!Ho.  1 ^=- 

*\^-  S.      6'  Square 

Ho  1  

S  Ho^l_lll.  S. 

Ho.  i      H.  S.      S'_SijiareJ^ 

_  4'  Long 


i"-t^ Thru  Ho.  4 

Thru  i"    N.  S. 


Wo.  a      No.  1      5;xF 
W-  S.      No.  1      Speciir 


Cs.  or  B.  SCds._  '}'-lj 
Or.  Cds.  Cs.  iKi 


Thru  i" 


^i-?5t  Cds^__   Thru  1-  'n.  S. 


Youngstown,  0.  .    !a  Sd. 


f'CdsorScr.  and 

.8' Cs.  thru  r 

Mill  ash  or  SI. 


i"    Special 


1'  :h.  s. 


Ho.Jl_    Ho.  1      '4'  :  $' 
Ho!  1       No.  1      6^  5' 


Ho.  1 


H.  S. 


Ho.  1      N.  S. 


H.  S.     :6'  Long 
No.  1     14- :  6'  Long 


BASE  SMETHODS  OF  MIXING 

No.  1-Cement  and  Sand  dry.  then  wet.  ,  „  TOP 

SS:^=&SSB=" "•"■     "  '"fpaiSSi?: 

Wet  .stone  a.l,ie.i-and  mixed.  No.  2-  J  Cement  and  Sa.id  "r  .^re^Ss     ,?;; 
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Determination  of  Voids.  Before  undertaking  to  determine 
the  voids  in  a  coarse  aggregate,  see  if  it  is  dry  and  porous. 
If  so,  It  should  be  wetted  an.l  then  dried  just  encjugh  to  remove 
all  moisture  from  the  surface  of  the  material.  In  this  way  the 
error  which  would  occur  from  absorption  oi  water  is  eliminated. 

In  determining  voids,  a  cylindrical  metal  vessel  of  at  least 
I  cubic  foot  cajxacity  should  be  used.  To  determine  the  voids 
in  a  coarse  aggregate  the  vessel  is  weighed  and  then  filled  level 
full  with  water  and  weighed  again.  Call  the  net  weight  of  the 
water  C.  Remove  the  water;  dr>'  and  fill  the  vessel  level  full 
with  the  aggregate;  weigh  and  call  the  net  weight  of  the  aggregate 
B.  Pour  water  slowly  into  the  aggregate  until  the  vessel  is  again 
level  full  of  water;  weigh  and  call  the  net  weight  of  the  aggregate 
and  water  a. 

The  formula  then  is: — 

1  er  tent.    Noids:--  ,     -loo 

Example: 

C  — Wcijjht  of  \Vatfr  =  62.5  pounds. 

K~      "  '■    A),'>,'rfK.it(.'=  roo  pounds. 

^—     "  "  "         und  \Vater=:i3i  i)ounds. 


A  -n  = 


131—100=31 


62.5  )3i.oooo(   .4()6  X  ioo  =  4().(i5:. 
2  ;oo 


6000 

3750 
3750 


In  introducing  the  water  into  the  vessel  containing  the  ag- 
gregate, care  must  be  taken  to  prevent  entraj^ping  air.  It  is 
good  practice,  therefore,  to  apply  the  water  all  at  one  point  along 
the  side  of  the  vessel. 

In  determining  voids  in  sand  and  stone  screenings,  the  scheme 
outlined  for  coarser  aggregate  may  be  apijlied  with  a  slight  modi- 
fication. Instead  of  jwuring  the  water  into  the  sand-filled  vessel, 
the  sand  should  be  jwured  into  a  vessel  containing  water.  The 
vessel  should  be  filled  not  less  than  half  full  of  water  and  the  sand 
iulrudueed  slowly.  The  object  in  pouring  the  sand  into  the  water 
is  to  eliminate  the  air,  which  is  impossible  if  the  order  is  reversed. 
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As  most  sands  hnvo  If.cc  iU..,-, 

overflow   the  vessel   1         ^^'Z"  .5°  P^t  cent.  voi<ls    the  water   will 

iicics  down  to  a  minimum.     When  the  v..<«.I  ;.  i  .    w  n     .    ^ 
and  water   -md  -.11  fU  n  '  "'  ^^^^'^  ^"'^  "f  sand 

wncn    unsereened    [jravel    is    usprl     tv^r.    , 

This  u-ill   r^.1       .P^"^'^  ""^'^  ^"''''^  f"fJt  in  proi)ortioning  concrete 

sac.  .  ce.e..   THi.  p.e.>;-;i  LTteTlZirt^rlr 

Ihe  permissible  error  which  will  oconr  in  r^^,        •   • 
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and  should  never  be  permitted.  It  is  always  best  to  measure  the 
materials  in  an  accurate  manner,  but  to  measure  them  in  wheel- 
barrows, the  capacity  of  which  have  been  carefully  determined,  is 
permissible,  provided  the  loads  placed  in  the  wheelbarrows  are  care- 
fully gauged. 

A  measuring  box  of  3  or  4  cubic  feet  capacity  should  be  part 
of  the  equipment  of  every  sidewalk  crew.  Though  the  materials 
may  be  m.easured  in  wheelbarrows,  or  in  some  other  manner  which 
is  quite  reliable,  the  measuring  box  will  be  found  convenient  for 
checking  up  measurements  and  for  measuring  batches  which  re- 
quire ksii  than  full  wheelbarrow  loads.  Such  a  box  can  be  grad- 
uated so  that  one,  t./o  or  more  cubic  feet  can  be  accurately  meas- 
ured. A  convenient  form  of  measuring  box  is  shown  in  Fig- 
ure 10.  and  is  rectangular,  without  a  bottom,  and  provided  with 
a  short  handle  at  each  comer.  In  using  the  box,  it  should  be 
placed  upon  the  mixing  platform,  filled  and  struck  of?.  The  box 
is  then  lifted,  leaving  the  material  on  the  platform. 

FORMS 

In  general  wood  will  be  used  for  the  forms,  though  thin  strips 
of  metal  will  be  found  convenient  in  forming  curved  lines.  Also 
the  use  of  the  metal  cross-form  or  parting  strip,  shown  in  Figure 
II,  will  be  a  guarantee  against  defects  arising  from  imperfect 
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-.iL; 


i^ia^\m 


'j.fc  • 


-A .  r 


TABLE    D 

Showing  Proportion,  o.  Cemen,.  S.nd  .„d  Stone  for  Ditteren,  Percent- 
•get  of  Voids  in  Sand  and  Stone 


joints  or  expansion.     The  cross-form  should  be  made     f   i  inch 
VVed^es    are    to    be    dnven    from    the    outside    into  the   t-inch 

fr..  7''  ''°'''''"  ^?"^'  '^""'^^  ^'  constructed  of  clean  lumber 
free  from  warp,  and  at  least  .  inches  thick  by  about  5  inchcswide 
Surfaced    umber  has  advantages,  but  its  use  is  not  necessa ^ 

In  placing  the  side  forms  along  the  line  of  the  walk  care 
shouM  be  taken  to  maintain  a  good  alignment  and  they 'ho'ld 
be  leveled  so  as  to  conform  with  the  finished  grade. 

Prciding  for  Surface   Drainage  of  Walk        The     fnrm 
nearest    the    street    should    be    slightly  beirthe  inlid!   f  rm 
hus    providing   a   drain  which   will    prevent     water    from     c"' 
lectm^on  the  walk.      The   side    forms  should  be  seeurdv  Ttak"! 

to  -^r  s^'r  i:s;:;s^;„r  r^r  ^'  --'-  -■- 
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the  staki-s  alternating  r.n  i-itluT  si.le  about  owry  two  foot.  If 
tlu-  siK-cial  metal  cn.ss  fr.rm  is  uso<l.  fewer  stakes  will  answer, 
for  when  the  form  is  kive.l  into  iK)sition.  it  is  riKi'Ilv  fastened 
and   hoKls   the   outsi.le   forms   in   their   proper   relative   position. 


L 


fx-r  Un^ 


I'uiL  KI-,    II. 


H 


I 


itfttti  Cntl\n»m 


Wooden  cross-forms  need  only  be  held  in  place  by  stakes  on  the 
op])«>site  side  from  which  the  concrete  is  to  be  deposited.  When 
the  concrete  is  beinj,'  placed,  a  shovelful  or  two  will  hold  the  cross- 
forms  firmly  until  it  is  tamped  into  position. 

When  wooden  cross-forms  are  used,  the  locatifm  of  the  joints 
should  be  definitely  determined  and  jMainly  marked  on  the  side 
forms  before  any  concrete  is  placed.  The  cross-forms  should 
be  placed  so  that  the  face  a^viinst  which  the  concrete  is  to  be  packed 
is  in  line  with  the  jjoints  indicating  the  position  of  the  joints. 

Providing  for  Expansion  Joints.  About  every  50  feet 
one  of  the  wooden  cross-forms  should  be  replaced  by  a  metal 
parting  strip,  which  should  be  left  in  the  walk  until  it  is 
oi)ened  to  traflic,  when  it  will  be  removed  and  the  oi)ening  thus 
produced  filled  with  paver's  pitch  or  other  suitable  material.  This 
forms  an  expansion  joint,  which  insures  the  walk  against  such 
defects  as  are  noticeable  in  Figures  12  and  13.  This  precaution 
is  also  necessary  when  a  new  walk  abuts  curbing  or  other  cement 
or  stone  walk. 

MIXING 

Obtaining  the  proper  proportions  does  not  guarantee  first 
class  concrete.  Proper  mixing  counts  for  much.  The  sand  and 
cement  should  be  first  mixed  dry  and  then  mixed  wet  into  a  homo- 
geneous mortar.  The  coarse  aggregate,  previously  drenched, 
should  be  added  to  this  mortar,  and  all  thoroughly  mixed  to- 
gether. This  practice  can  be  followed  in  either  hand  or  machine 
mixing,  provided  a  batch  mixer  is  used.  On  small  work,  hand- 
mixing  seems  to  be  the  most  popular,  and  if  honestly  done,  will  be 
entirely  satisfactory.  But  oftentimes  mixing  is  s  -'y  neglected, 
being  intrusted  without  proper  supervision  to  labortx-b  who  have 
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littU-  appn-ciatin,,  of  what   is  mtlly   .ur.ssarv  an.l   l.ss  interest 
■n  f-nal  -suits.     Machine  mixin,.  ulu.  the  batch  tvpc  u    mi^c 
IS  use.1,  ,s  much  mr,rc  certain  an.l  nliahlc.  " 

Consistency.     (IcuTally  speaking',    wct    concrete    will    .iv,> 
iK-ttor  results   than  .Iry.  an.l    th.,u,h  it  is  n..t   practicable  I.,  use 
as  uvt  cc.ncrcf .  n,  si.leualk  eonstructi..n  as  in  s..me  ..ther  classes  ,\f 
<.rk     the  cmcrete  shnuM    Ik.   mixcl   with  as  much   water  as  it 
111  san<l  ami   penmt  ..f  ,h..n,uKh   tamping.     I'n.hal.lv  all   wh.. 
ha  e   h..     anythm,.   t..  .].>   with    mixing  concrete   1..    han.l    have 
not.ce.!   that  the  mass  l.ecmcs  more  moist  as   the"  mixing  pn. 
«n"sses.      lh,s  ,s  because  the  particKs  are  bein^^  f..rce.l  int..  cl       • 
contact    an.l  indicates  that  the  ..biect  of  the  mixin,  is    U;^  I 
comphshe.1.     The  same  plasticity  is  apparentlv  ..bt' ine.l   \!y   Z 
se  of  an  excess  .,f  water  an.l   k.s  mixing'.     This  .l..es  un{  «ive 
the   same  results  an.l   sh.n.l.l    never  be  substitute.l    f.,r   th.-nLl, 
m.x.n,.      rhe  mixing  sh.,ul.l   alwa.  s   be  cn.lucte.l   in  a   m  n  u 

h.ch  wni  not  permit  of  the  l..ss  of  cement  through  the  runn    ^ 
on  ot  surplus  water. 

Hand-Mixing.      Han.i-mixinK    is   accompli.she.l    most   satis- 
<.ctonly  by  sprea.lin,.   the  saml    upon    a   level,  water-tij^ht  pi  t- 
-m^  or  other  non-ab.s..rbinK  surface,  t.,  approximatelv  a  uni  ,    m 
lepth;  the  cement  sh..ul.l  be  sprea.l  e^-enly  over  the  san.l  an.l  t  "e 
two  mixed  until  the  mass  assumes  a  unif.,rm  ..nlor.     Water  shoul.l 
then  be  adcle.1  an.l  the  mass  of  sand  an.l  cement  conv    te     i^ 
a  smooth  mortar  by  more  thorough  mixin,.     Upon  this  m.,rtar 
spread   the  require.l   amount   of  crushe.l   stone  or  gravel    which 
has  been  previously  drenche.l,  an.l  mix  th..r..u,hlv  until  Lll  pa 
icles  are  well  coate.l  with  the  mortar.     When  the  mixture  so  ,.b- 
Uuned  IS  too  dry.  ad.litional  water  should  be  a.lde.l  and  the  whole 
mass  given  at  least  another  turn. 

•  ,   ""u^?,  :'  ^^"'''^  '"'"^"'"''  "^  '^'"''  ''^"'1  ^^'•'ivcl  is  used,  the  mate 
nal  should  be  handled  the  same  as  san.l.  that  is.  it  sl.ould  l™d 

rlntf"^  '''  '^''''-^  ^'  --"^-  -^-^  thorough!^ ':,;y 

Haml-mixino:  is  treate.l  in  .letail.  not  because  it  is  thought 
to  be  superior  to  machine  mixing,  but  as  .liferent  results  'are 
obtained   with  .lifferent    types  of  mechanical  mixers,   the    r^u 

mXo    7:  ™.  '''"'^'^'  "^^'"'^"^  '^y  -^—    to   the    hand 
method  than  othenvise.      Any  mechanical  ndxcr  which  will  pro- 

should  be Tr  r!^"'':   "'    ^^"^^^''   '^^   ^--'-^^^^^.  ^-t  '"e 
should  be  taken  that  the  mixinj,  :s  always  thoroughly  done. 
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FlOL-RE    13, 

,,  nnJ!""  '"/^''p'  P^"''"^^*^  ^y,  expansion  in  walks  are  clearly  shown  in  Fieures 
uhU^    „  V         F'K"re  ,2.  two  slabs  of  the  walk  have  been  destroyed  byexnans  on 
uh.le  m   iMKure  13  the  curb   against  ^yhi■h    the   walk  was   con'strmted  fas  been 

soSin'^^n^ore  th"  "^  ''•^'■'/  ''"V"  V^""''  '^  that  the  wal^is  now  pro^ee  inj 
somtthinK  more  than  an  inch  mside   the  curb    line.      The   construction    of    the 

Ths'hr.  ['"""'"^.u"    ''\r  fi'-«t-'^l'-»««  but    for   the   omission    of   expan  bn     oints 

?eeno'nT  aCn^.  ^^  '^':^J^^  "t^'Y  °'  ^,  ^%\^^  approximate/y'o^o 

the  walk  abuts  a  curb  or  non-yielding  bodies.  wntre 
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Retemperinff      Un.h.r    n,  ^"^  ^-^^-^I'l  i  cubic  yard. 

!»■  u™i.«,,  a„„  us.,,.  Any  .'lisuj,:;!     '        ^l  ^L!  T:*;  "'"• 

-v„!k  which  ma' ;  ■  ;  ^  '■ ; '  'r''  r'"^'  '^  ™^'"'  ^'« 

justify    ,hc.    i,nr,«.uc,i„n   If   u„c    .a^  i J    ™f  7;""""'  :"'  "'" 
praclico  which   has  a  tcn.lcncv    n  ^   l       ,         "'   ""*•     '^">- 

av..i.lo.l.     Such  .Icfccts    ,r.  r   -J  ;^"    ""■  '"■'■''  '^'"■"I'l    !■" 

V  ucii  (Kitcts  .IS  are  shown  in  F  L'urcs   r,   -r,,! 

result  fr„n,  the  use  of  retcmiKre,!  concrete.  '  "'">' 


PLACING 

;:™:ritt:;hi;^:^:„rfri- -■ -^" 

into  final  .x^sii^^n  a™  „  "kl'  •  ''.""-""^^f  "™^ly  -et  and  tan,pe,l 
the  concrole  shoul,  n't  l,e  W™ i't",!  t"  .  , ""/'  "^''"^  "">-^- 
is  eo„,p|c.tc,l.  ,,ut  shoull  le  Z"  1-.  T  ""''■■  ""'  '"'■'<■"''' 
mxcssitates  mi.xing  smaller  batches    ""'""^'^'''y-  "^  ""-t">  it 

p.aei;^y^n;':ttu;;']:i;:  t  :r =•  ^"^-  -°-  -  -- 

material    in    anv    wiv       TV,o         5; """^"^   ^3    pruvcnting  luss  of 
.y  over.,.ai„;tH:-hcerrr;-rcn1  ^Z A™! 
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vm^Ms^m 


firV  '^'■- 


ii  more  or  less  evtonf  -^^     •    i   • 

^'  I««,o„  „f  iis  n,„st  Vital  c, 'nstkucm  '  "'""'''"'  '"  " "1  "'• 

"'"""'  ""  ™"""-«'   '-  ^«™.,y  ,hat  water  is  ..nc  of 


^■ 


JV  >lr- 


"^s. 


-'-;■'!• 


^'"'^.'^C^iSi^ 


Fkukk 


shouM  ho  fill,,!  to  the     ,o  ;Z  '''"'■"■^'   ''■      Th"   f°™s 

the  top  of  the  l,ase  i.  at     .•       '     r"""  T'}  ,""'"  •™'-''  """' 
forms.     This  will  ,K.m,i    o  Ln  '"    ,  '"''""'  ""^  '"P  °f  *» 

th"t  at  least  this'thiclc^  of'.""'  "'"  "",''  """-'  '"""•''  '«  t^"™ 
»alk.  The  only  wav  tWs  „t  "^  '"'""'''"'  '^  *™Rh„ut  the 
"se  of  a  strai«h\  Ige  m"  "to  ""  "i','  "'"  '"  "^^"™'  '»  '^^  'h^' 
inch  below  the  top  of  the  w"  t:^,^  17  ?  *^'  '"^  '  <"  - 
I'e  continucl  until  the  muse  will  el,."   1  t^mpmg should 

Such  a  straight  e,lge  nr^^Z         '^'^•'7''':.">ncrete  at  all  points. 
Driveways.    WheX'^a    a  1.     '   ' """:  """  "  ™=">-  --'<>■ 
thickness  of   the  base  sl^-'he  inerVrsX'';' T  ■' ■'"'""^' *^ 
the  top  sho„l,l  have  a  minimum  , hiXr of'  \  l!;^'  /  '-■'^-  »« 

Preserving  Joints  in  tlie  Ba«.     if'  i    " 

-.  it   wan  he   remove,   ^Xr  ilth'  t^^ J^ ™  ^ 
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port  It  alter  the  concrete  is  thoroughly  compacted,  and  the  per- 
penchcular  wall  of  the  new  concrete  block  should  he  carefully  pre- 
served, the  next  block  being  tamped  directly  against  it. 

Another  practice,  which  was  common  a  number  of  years  ago 
IS  to  lay  alternating  slabs  entirely  independent  of  e;[ch  other' 
After  the  first  set  is  completed,  the  alternating  positions  are  filled. 
By  this  practice  each  slab  becomes  an  independent  f^ag  and  if 
constructed  properly,  can  be  treated  as  such  if  occasion  demands. 
A  slight  unequal  movement  in  the  foundation  supporting  such 
slabs  might  result  in  the  walk  becoming  somewhat  uneven,  see 
Figure-  1 6,  but  the  slabs  would  seldom  break  and  could  be  raised 
and  the  sub-1)asc  regraded,  thus  sa\  ing  the  walk.  Many  a  walk 
otherAvise  good  has  been  destroyed  because  it  was  constnicte.l  as 
a  monolith  over  a  large  area  and  the  foundation  supporting  it  was 
not  absolutely  stable. 

The  use  of  the  metal  cross-forms,  shown  in  Figure  ii,  is  an- 
other .means  of  forming  a  perfect  joint  between  abutting  slabs. 
The  form  is  left  in  position  until  the  adjoining  slab  is  placed  com- 
plete with  top.  In  fact,  it  is  well  to  leave  it  in  until  the  slabs 
are  receiving  their  final  treatment,  when  it  can  be  raised  and  the 
groover  run  over  the  space  from  which  it  has  been  removed.  The 
projection  bevond  the  outside  forms  makes  it  convenient  to  raise 
the  metal  from  its  ])osition  between  the  blocks. 

Parting  Strip  Provides  for  Expansion.  Besifks  providing  a 
perfect  joint  between  abutting  slabs,  this  metal  form  provides 
a  J-inch  expansion  joint,  which  overcomes  the  necessity  of  leav- 
ing a  larger  and  more  noticeable  joint  at  intervals  along  the  walk. 

The  practice  of  ]3lacing  as  a  monolith  a  long  stretch  of  walk 
and  depending  upon  being  able  to  cut  through  the  top  and  base, 
is  had,  and  should  never  be  jjermittcd.  Results  of  this  type  of 
construction  arc  to  be  seen  on  every  hand. 

Avoid  Fractional  Slabs.  Carelessness  of  one  kind  encourages 
an.nhcr  and  when  walks  are  being  laid  where  it  is  i^ossible  to 
run  in  long  stretches,  one  frequently  sees  a  fractional  part  of  a 
slab  left  over  at  quitting  time,  and  when  work  is  resumed,  new 
concrete  is  placed  against  the  portion  which  was  previously  jilaced 
and  a  top  spread  over  the  whole.  As  the  bond  between  the  two 
concrete  bodies  is  weak  at  best,  a  crack  will  invariablv  occur  at 
the  juncture.  A  fractional  part  of  a  slab  shoul<l  never  be  left  over 
upon  suspending  work  oven  for  the  nc-m  hour.  The  concrete 
should  be  packed  against  the  cross  forms  so  that  when  placing  of 
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FINISH  AND  FINISHING 

-.  a  unif?." ; :  ",;;i;",r"' '  rV"'  ■*"'"'^>-  ^-'"«-' 

t..o   stronglv.     The   n„'     *'     '"',""V;'"''''  "'"'  ""'  '•'•''«t  "Rht 
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the  smoothness,  by  the  size  and  shape  of  the  aggregate,  the  kind 
of  finish  and  amount  of  trowcHng;  the  color,  by  the  materials 
composmg  the  top  and  the  character  of  the  finish.  A  smooth 
troweled  finish  reflects  light  more  than  any  other.  If  the  walk 
IS  of  a  uniform  color,  the  fact  that  the  color  may  not  agree  ex- 
actly with  an  adjoining  walk  should  not  be  given  serious  thought 
Top  Floated.  The  top  or  finished  surface  of  a  walk  may  be 
placed  in  two  or  three  different  ways.  The  most  common  is  to  mix 

^^L7  ""Tl^l'  ''""^  ^^""  '"^^  '°  ^"^^'  ''  °"'  ^hat  is,  to  spread  it 
slightly  and  then  work  it  down  with  a  straight  edge  until  the  sur- 
face is  worked  to  quite  a  true  plane,  flush  with  the  top  of  the  form 

whi  J?  T^™*"^"^'  ^""'^"^  "'''^'''^  ''  ^^  ^PPl>'  to  a  base. 
uh,ch  has  boen  tamped  into  position,  a  stiff  mortar  and  tam,,  it 

nto  place  and  fimsh  the  same  as  the  floated  top  is  finished  The 
taniping  this  material  receives  flushes  water  to  the  surface,  an<] 
makes  it  i^,ssible  to  finish  in  the  usual  wav.  When  the  top  mix- 
ture ,s  to  be  tamped  into  place,  it  must  be  heaped  up  somewhat 
above  the  top  of  the  foim.  After  being  thoroughly  tamped  and 
moisture  has  accumulated  on  ti.e  top,  the  mass  should  be  struck 
with  a  straight  e<lge  ar,l  the  low  places  bn  .ght  to  grade.  A  top 
coat  put  on  in  this  manner  can  be  finished  with  much  less  delay 
than  can  the  floated  top.  If  the  mixture  is  of  the  proper  con- 
sistency an<l  the  top  properiy  applied,  it  also  assures  a  more  per- 
fect bond  between  the  top  and  the  base 

Top  Mortar  Flushed  from  Base.     To  make  the  base  rich  in 
mortar   and    raise   a    top   mortar   over   this   by   tamping   is  still' 
another  method,  but  one  which  has  not.  so  far,  gained  much  favor 
In  placing  a  walk  of  this  construction  the  form  is  filled  as  out- 
hned    excepting  the  base  mixture  is  well  heape<l  above  the  forms 
and  then  tamped  to  grade. 

The  usual  tamping  may  be  followed  by  a  special  tool  which 
will  assist  in  forcing  the  coarse  stone  from  the  surface  an.l  in  brinij- 
mg  mortar  to  the  top.  This  tool  is  illustrated  in  Figure  17  and 
can  be  made  by  any  blacksmith.  ' 

_  Consistency  of  Top  Mortar.  When  the  top  is  applied 
independent  Of  the  base,  it  should  be  a  mixture  of  about  i 
part  Portland  cement  with  i^  parts  good,  clean,    coarse  sand,  or 

uith  the  base,  the  consistency  should  be  such  as  to  permit  of  thor- 
'  agh  tamping.  A  top  to  be  floated  must  be  mixed  with  con- 
siderable more  water,  but  care  should  be  taken  to  avoid  getting 
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n  I  't  ,     ,,,t  to  show  sa„,Iy  spots  when  con,|,leted. 


Pn;i-Ri;    1-. 


'•/»  vi«vv 


too  con,mon,  .,„,■  s    4      „  '        ;  ho  i'"'"  ,"'''^  "''  """»''"'- 
See  FiRure  i8      J„  .,11  .  .,,  """'  '"■''"'"'■s  tmcoveml 

there  is  no  ^.ssuranec  th-,t  th,  ?  ,,  ""»  "■■'™  "rather, 

.-i..  precautionnjeni^^is:,"  .^ ,;:"::;:;'"  :i^ '--  -'- 

.s  permitted  to  Ixx>on,e  .lusty  an.l  ,Hr,  •      ,  h   , v  ,:„«■'';    "'' 
from  the  street  and  from  e-irel,.«  „     i  '         '  '"''"«  '''""" 

conerete.  Also  sand  rof "„  '  rslv";'"  ""^'"»  ""'^  ""^  '■•-'' 
a"  sueh  eases,  the  c.-nerotfrh:  f,  '  „  -d'Tt  ,:Vr'' •  '""■  '" 
and  over  the  afleete,!  parts  should  be  s,  r e'  <  ,  ttn  T  ";"""■• 
eement  and  water.  '  '"'"  "'"=''  "'  "cat 

cation'?,fTeI"!',°:  S™  ™"'  ^;  '"  ^"^^  "*-<■  '"^  appli- 
I>as  hardened  L  r^^r  Xre  f ''  t' ■"'"  ""'  '""  ^■°" '"-^"^ 
top  on  an  o,d  base,  somfsp  e  H  a^m  m  w tbe  "'"^  "  "™- 
perfect  a  bond  between  the  ton  -.nd^h    ,  .^     °  necess.ary  to 

is  quite  suecessful  is  t" drench  ,h  ■■■■     °'"  ""="""'  "W^h 

the  surface,   remori  t^g  a    Toos'^Tr  ■"  ""  ""'™^"">-  ^'«««^ 
apply  a  thin  grout  or  w'l  o?'    7        """  ™'""'  »'•  then  to 

face  being  treatcd\v,  1  permit  :r,T"' ™''  T""'  "  *"  -- 
into  the  concrete  1         •  '■  "">  Stout  should  be  brushed 

When  the  surfaced    .TT  """""'"S  "*  •'  ^''1  m^  brush 
usual  way.  "    '^^^'  ^"''^''""^'  '^'  *°P  ^^  '^P<^^  «  the 
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Surface  Treatment.  The  surface  treatment  which  a  walk 
receives  i\cpcmh  largely  upon  the  practice  in  the  commu- 
nity m  which  the  work  is  being  done.  The  smooth,  steel  trowel 
finish  is  probably  the  most  common  and  at  the  same  time  the 
poorest  finish  used.  Such  a  finish  freciuentlv  results  in  craHng 
or  hair-checking  of  the  surface,  which  is  due  to  nothing  more  than 
a  slight  contraction  which  takes  place  in  a  film  formed  on  the 
surface  by  the  steel  trowel.  Besides  the  smooth  finish  showing 
every  little  blemish  and  ^-ariation  in  color,  it  is  much  more  slippery- 
than  any  of  the  other  finishes. 

The  wooden  trowel  finish  is  growing  in  popularitv,  and  cer- 
tainly has  many  points  in  its  favor.  The  brush  finish  is  similar 
to  the  wooden  trowel  finish,  but  it  reqaires  an  additional  tool, 
and  one  that  can  be  used  for  no  other  pnrijose.  The  finishes  that 
are  produced  b>  special  tools,  like  the  tooth  roller,  etc.,  have  little 
to  commend  them.  They  are  in  no  way  superior  to  the  rough 
finish  produced  in  a  more  simple  manner,  and  do  not  harmonize 
so  well  with  the  usual  surroundings. 


Figure  i8. 

The  section  of  the  walk  shown  in  Figure  i8,  clearlv  illustrates  careless 
construction.  Though  the  base  in  this  walk  was  fairly  solid,'  it  was  not  as  stron- 
as  It  should  have  been,  and  was  covered  with  a  thin,  weak  top,  which  failed  to 
bond  to  the  base. 

Color.  The  number  of  points  which  affect,  more  or  less, 
the  color  or  shade  of  a  walk  is  quHe  remarkable.     It  is  only  with 
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give  ..incront  e,r.c.s,  ,.t  .IkJ^',!:  i ,  TLr:::'i"''' 

th.-.t  h,s  r«ul,s  are  enually  ,le,x.„,le„,  „„„„  ,„he         „"         ""  """ 

CondifoM  Governing  Shade  o,!  Color.     Tht    sh„le      f 
a  fin,she,l    „.„,k    will    vary    with  .he  eo„»is.J„ey     ^   t    .I 
ture,  the  amount    of    trowelinfT     th«   ^t,        ^        r     \ 

m  the  sunshine  or  shadow.     Work  affecto,!  in  ^w  ^"^'^  '^  '"'^^ 

all  construction  an  effort  sMulrlK  ?'  Therefore,   in 

in  color  throughout  f  wdk  ""'^'  '"  ^""^"^'^  ""'f°""'t>' 

It  has  probably  been  noticed  by  every  sideu-.ll.  K„-i  i      .u 

™u  afTf  "^^n^'  *'*" '"'-'  *■"  ^' -t  1:  t^^^^^^^^^ 

Ih  t  if    he  .'^  """,7"  ''r  "  "'"■'«"■  «"'■*  'han  a  wet  one     .A^^^' 

rir«:ri:::r.ru^rriT?/5;ttr-"^^^^^ 

which  remain  indefinitely  \  ,l,t  '„  "^  f""""  '"""^^"'^ 
sand  eovering  tends  to  bLeh  o  t  ightl:'eo:r';;;^'n"  ""t  i' 
.s  e'^posed  to  the  air  during  the  h.a?delg  ^L      p ^mJ*:,'; 

be  of  ,i«  3hades,  as  the  resut  :fti;""  it  Sg"tiSi: 

one  s,de   whde  the  other  half  was  finished  from  the  op,«te   X 

tr^rtJenr'"  *"'^  ''™-  ^•^'^  =™^'"™  •••  ^'<'"va,k'Lrift„ 

ann    lor    or,.in.uy    sidewalk    work    are    seldom   required      Tf  , 
eolored  surfaee  is  desired,  the  eoloring  matter   sho^d   K„  , 

w.th  the  whole  of  the  top   coat.     It'is  a":?;^^^  c'p^nW 
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with  the  conifiu  and  aj,'j,'roj,'atc's  one  proposes  using,  and  if  p<«si- 
blc,  obtain  the  color  desired  before  undertaking  to  apply  a  col- 
ored surface  to  a  walk,  or  similar  construction,  for  with  only  the 
greatest  care  will  it  be  possible  to  obtain  uniform  coloring  through- 
out and  definite  proportions  must  be  determined  and  strictly  atl- 
hered  to. 

The  following  paragraph  and  table  are  taken  from  "Cement 
and  Concrete,"  by  Louis  C.  Sabin,  M.  Am.  Soc.  C.  E.,  and  contain 
suggestions  which  probably  will  be  of  value  where  colored  work 
is  contem])late(l. 

"The  addition  of  -oloring  matt(     to  cement  and  concrete 
is  not  at    i)resent    widely   practiced,  and  consequently  e.\i>er- 
ience  has  not  been  suHieient  to  indicate  just  what  colors  may 
be  used  without  detriment  to  the  work.     Lampblack  has  been 
most  commonly  employed,  giving  different  shades  of  gray  ac- 
cording to  the  amount  used.     In   any  large  work  where  the 
use  of  coloring  matter  is  desirable  and  there  is  not  time  to  in- 
stitute thorough  tests,  the  advice  of  a  cement  chemist  should 
be  sought.     The  dry  mineral  colors,  mixed  in  proportions  of 
2  to  lo  percent,  of  the  cement,  give  shades   approaching   the 
color  used.     Bright  colors   are  difYicult  to  obtain  and  would 
not  be  in  keeping  with  a  masonry    structure  except  in  archi- 
tecture. 

"When  mi.xed  with  an  American  Portland  cement  mor- 
tar, containing  i  part  cement  to  2  parts  by  weight  of  a  yel- 
low river  sand,  the  particles  of  which  are  largely  quartz,  the 
colors  indicated  in  the  following  table  are  obtained. 

"With   no  coloring  matter  added,  the  mortar  was  a  light 
greenish  slate  when  dry.     Ultra  marine  green,  in  amounts  up 
to  8  per  cent,  of  the  cement,  had    no  apparent  eft'ect  on  the" 
color  of  this  mortar.     Variations   in   character  of  cement  and 
sand   will  aiTect  the  result  obtained  in  using  coloring  matter. 
The  colors  indicated  below   are  for  dry  mortars;   when   the 
mortar  is  wet  the  shades   are   usually   darker.     None  of  the 
materials    mentioned  in  the   table   seems  to  aflfect  the  eariy 
hardenmg  of  the  mortar,  though  very   much  larger  propor- 
tions might  prove  injurious.     With  red  leach  however,  even  i 
per  cent,  is  detrimental,  and  larger  proportions  are  quite  in- 
admissible." 
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COLORED    MORTARS 


Color.  Given  ,o  Portlwd  Ccm.nt  Mor..,.  Confining  Two  Pi^,.  River  S.nd 

to  One  Cement 


Dn- 

M  a  te  r  i  a  1 
L'seil 


Weight  of   Dry  ColoritiK  Matter  to 
100  Lhs.   Cement. 


-  ^  c 


Lamp  Black . 

Prussian  Blue 

I'ltra   Marine 

Blue 

^'ell(J\v  Ochre. 
Burnt  Umher 

Venetian  Red 

Chattanooga 

Iron  Ore.  .  . 
Red  Iron  f)re. 


}  Pound 


Light  Slate  , 

Light   Green 
Slate 


Light  Green 

Light     Pink- 
isn   Slate. . 

Slate.  Pink 
Tinge 

Light    Pink- 
ish Slate.  . 

Pinkish  Slate 


I  Pound 
Light  Gray  . 

Light  B  I  u  e 
Slate.  ,  .  . 

Light  Bl  u  c 
Slate 


Pinkish  Slate 

Bright     Pink 
ish  Slate.  .  , 

Dull  Pink   .  .  . 
Dull  Pink    .  .  . 


2  I'ounds 

B!  .cGray.. 

B1-..C  -'ite  . 
i.  ue  Slate. 


Dark 

!     si.-itc.. 

I  Bright  B  1  u  c 
I       Slate.   .  . 

Bright  B  1  u  V 
i       Slate      . 
■,V,v; ,•   !  '•'«'>'  H"ir.  . 

IJuU  Lavender  ('hdcolatc 
Pink 


Light  Dul 
Pink 

Light  Terra 
<"otta  .  .  .  . 

Terra  Cotta. 


Dull  Pink 

Light     Brick 

Red 
Light  Brick 

Red 


JO 
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Marking.  There  might  p()ssil)ly  be  some  elianee  for  argu- 
ment regarding  surface  finish,  but  certainly  surface  marking  will 
not  permit  of  any.  The  position  of  the  joints  bet\^•een  the  blocks 
should  be  determined  before  the  base  is  placed  and  provided  for 
m  the  construction.  Positive  joints  should  always  be  i)rovide<l 
m  the  base  of  the  walk.  These  are  the  real  joints  and  the  markings 
m  the  top  should  always  occur  over  them.  It  is  not  sufficient 
to  make  a  surface  marking,  together  -ith  a  feeble  effort  toward 
cutting  through  the  base  with  a  small  trowel  or  similar  instm- 
ment.  More  walks  are  disfigured  by  failure  on  the  i)art  of  the 
builder  to  provide  proper  joints  than  by  any  other  cause.  Fig- 
ures 19,  2o  and  21  are  splendid  examples  of  such  unsightly  de- 
fects. -^ 

Size  of  Block.  The  size  and  shape  of  the  blocks  into 
w-hicii  a  walk  is  divided  is  governed  very  largely  bv  the  width  of 
the  walk,  the  local  practice  and  personal  tastes.  '  Other  points 
however,  should  be  considered;  in  fact,  local  practice  and  per- 
sonal tastes  should  be  eliminated  entirely  when  walks  on  business 
streets  are  being  constructed.  Where  the  whole  space  between 
the  building  line  and  the  curb  is  to  be  covered,  many  angles  and 
irregular  lines  are  introduced  owing  to  openings,  steps,  etc.  Steps 
should  never  be  constructed  over  a  joint,  nor  should  a  joint  ever 
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ri'iui;    1 9. 


Fir.im-:  20. 

«-nr.  J^^  cracks  which  have  occurred  in  the  walks  shown  in  Fif,'ures  n  anri  -.o 
^ro  caused  hv  the  hu.lder  faihnK  to  provide  perfect  joints  throusrh  the  cenrer 
of  the  walk.  These  walks  were  huilt  on  f^lls  o^  2  or  ^  feet^  nd  na  urVdlv  le  re 
was  some  unequal  settlement.  If  the  slahs  makin}-  up  the  walks  v"  c'tMi  1  ,  i  1 1 
independent  of  each  other,  or  had  perfect  j.ints  been  provid"  between  h".Hs 
the  cracks  would  have  been  prevented  bv  the  opening  of  the  u.ints  ' 

In  higure  iq,  the  crack  discontinued  after  cross.ntr  five  slabs  This  iirob-i 
m-nneH'  '"''"'"  '^"^  f-^un'Iation  under  the  sixth  slab  from  the  taning  ,,«„': 
m,. ,  ,r,-  ,  ,,<   ,,,,.,:  ,,,^b  to  settle  witnout  Ji.-,Iui1,uik  tile  adjoininL'  one 

r.f„..H  /'*-'• '1^  '°-  '^  ''7"  '"^  "°*'''^  ^'^^t  the  Clack  start.s  at  a  point  where  the  ioint 
refused  to  yield,  crossed  two  slabs  and  returned  to  the  joint  w^ere  it  again  opened 
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H  ,K-rm,tt..l  to  ,nUTS.cl  a  stc>p  a-xcvptin^  at  a  joint).  „„I.ss  tlu- 
^^alk  an.l  stq.  are  c-onstmetcd  cntirdy  indcpon-Unt  ..C  .ad,  otlu-r 
Jomts  between  the  blcK-ks  shouM  he  placed  so  as  to  avoM  «n,  .11 
corners  an,  unnecessary  a.iKles;  in  faet.  so  tar  as  possible,  all 
bhKks  shouM  b.  reetan,ular.  Also  the  joints  in  new  work.  abuttinK 
oh!  shouM  always  be  projected  from  the  joints  i,i  the  original 
work  unless  a  .hstmct  open  joint  is  provi.ie.1  between  the  new 
an.l  the  o.l.  Ihe  necessity  of  observing  these  precauti.ms  is 
made  manitest  by  Figures  22  and  23. 


:^nF<lSE>«4Sf 


FtGURE    21. 


CARE  AND  PROTECTION 

When  a  walk  is  completed,  care  shoul.l  be  takc-n  to  protect 
It  from  the  elements. 

Effect  of  Rain  and  Frost.  Rain  fallin-  on  cr^vn  work 
will  make  it  rough  and  unsightly,  while  too  rapi.l  "irving  and 
trost  are  apt  to  result  in  hair  checking  an.l  will  also  have  a  ten- 
dency to  weaken  the  concrete  in  a  general  way. 

Protecting  Against  Rain  and  Sun.  As  mo.f  ^vdks  irc 
constn^cted  during  the  summer  months,  protection  against  rain 
and    sun    is    ot     first    importance.     Unless  the  i)ractice   of   pro- 

45 


tcctitiK  all  new  walk  is  folln\vi.,|,  iju  ('..ncy  will  !„•  f.  nc>,'Krt 
»t  when  ni..si  mcissary.  Sonu-  l.u  rs  pratlitc  cvrrinf,'  tluir 
work  with  saii.l,  ri-m..vinj,'  it  whm  tlu-  walk  is  thornuj-hiy 
hanlrncl.  Such  cvrrinK  furnislus  (|uiti'  a  satisfactr.rv  pro- 
tcrtiun,  if  (he  sanil  is  ..f  sullicifnt  .k'plh.  Tlu-  san.l  envrriiiK 
c-onstrvis  tlu'  mnisturr  in  tlu-  walk  an.l  assists  in  hoMiii^  moisiurc 
adtlfd  iluriiiK  tlu-  hanUtiiii^'  i.t'  tlu-  foiicrctt-. 

Canvas,  tar  ])ai)cT  or  hoards  will  afford  protection  against 
sun  an.l  rain.  Tlu-  first  two  ,,f  these-  are  apt  to  l.e  disturbed  l.y 
wind,  unless  carefully  weiKhted  d..wn,  while  hoards  are  too  un- 
handy, and  if  not  placed  with  extreme  care  or  use.l  in  conjunc- 
iK.n  with  canvas  or  tar  paper,  are  apt  to  conduct  the  rain  onto 
tlu;  walk  in  a  stream,  thus  causing  more  damage  than  the  rain  would 
othenvise  do.  Tlu-  same  protection  used  aKainst  rain  and  sun 
will  he  ample  against  light  frost,  hut  during  cold  wc-ather  ad<li- 
tional  and  nmre  perfect  prr>tection  is  tu-cessarv. 

Protecting  Against  Frost.  In  the  first  place,  si.lewalks 
shoul.l  not  he  construct^  during  cold  weather,  hut  if  it  cannot 
he  avoided,  extreme  care  will  he  necessary.  Extreme  care 
nu-ans  extra  expense,  hut  this  should  nf)t  prevent  pr..i)er  pro- 
tection. Work  may  he  protected  against  frost  hv  covering 
with  sand,  as  above  suggested,  ff^llowed  by  a  covering  of  manure 
which  should  he  covered  with  canvas,  or  tar  pai)er.  in  such  a  wax- 
as  to  form  a  drainage  toward  the  curh.  This  covering  of  caii- 
vas  or  paper  will  help  to  retain  the  heat,  besides  protecting  the 
walk  against  discoloration  which  might  result  from  the  i)ercola- 
tion  of  water  througii  the  manure  cover. 

Heated  Mat-  -Is.  Another  precaution  in  winter  work 
which  should  n(,.  ..e  neglected  is  the  use  of  heated  water  and 
aggregate.  As  the  rate  of  hardening  is  influenced  bv  the  consist- 
ency, it  is  advisable  to  use  less  water  when  the  temperature  ai> 
proachcs  the  freezing  point.  The  use  of  warm  materials  will 
greatly  accelerate  the  hardening  of  the  concrete,  thus  developing 
more  rapidly  in  the  walk  a  condition  which  makes  it  capable 
of  resisting  frost  action.  Even  though  heated  materials  are  used, 
the  surface  covering  should  not  l)e  neglected,  for  bv  failure  trl 
protect  the  surface,  the  heat  in  the  walk  is  rapidly  radiated  and 
the  surface  is  exposed  to  frost  action. 

GRADES 
Steep   Grades.     The    princii>!es    which  h.-sve  been  laid  do~n 
apply  eciually  to   sidewalks   Ijuilt    on    level   and  inclined  grades. 

46 


•ms 


it.-   -*-'!,  -■    ^l-ulJ\fc;^|>J:'».     '--'^m 


'>r4W^ : 


■^" 


Fn.l   KK    22. 


FiCI'RE    23. 

rigures  22  and  23      These  figures  also  show  the  advisabilitv  of  projecting  the 
joints  from  the  old  into  the  new  work   n- tho  nPof.«it..  r.(  -a-     ''"•'"■'- ""^'  '"'^ 
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Walks  are  sometimes  laid  with  too  steep  a  pitch  for  safety,  and 
although  there  may  be  little  objection  to  them  in  fair  weather 
such  walks  become  impassable  when  iced  (.ver  during  the  winter 
season.  Wooden  walks  are  then  laid  over  the  cement  to  pro- 
vide a  surer  foothold,  but  this  expedient  should  be  unnecessary 
Steps  should  be  built  if  the  grade  exceeds  20  degrees,  but  les-er 
grades  are  improved  by  laying  the  run  with  sufficient  slope  to 
afiford  drainage  and  putting  in  risers  at  suitable  intervals.  A  fur- 
ther improvement  is  to  give  a  roughened  finish  to  the  run  by  means 
of  a  wooden  trowel  or  grooving  tool. 


Figure  24. 

Change  of  Grade.  The  comfort  of  pedestrians  demands 
that  the  grade  in  a  walk  shall  not  change  suddenly  except- 
ing where  steps  are  advir.able.  It  is  not  unusual  to  find  a  break 
in  continuity  of  the  grade  such  as  is  illustrated  in  Figure  24 
Here  the  higher  walk  was  built  last  and  is  connected  to  the  lower 
by  a  sharp  bevel.  The  passer-by,  unprepared  for  this  interrup- 
tion, IS  sure  to  stumble.  If  this  walk  had  been  built  right,  the 
change  in  grade  would  have  been  extended  over  the  entire  length 
of  a  slab.  There  was  yet  another  abrupt  change  of  grade  be- 
tween the  point  where  this  picture  was  taken  and  the  last  crossing 
although  the  street  was  level  throughout  this  distance.  It  would 
be  well  for  every  city  and  town  to  establish  by  ordinance  the 
grades  of  sidewalks  so  as  to  insure  a  uniform "  grade  from  one 
street  to  the  next. 
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Clearance  About  Trees.  When  trees  intercept  the  line 
of  the  walk,  provision  should  be  made  for  growth,  else  the 
trees  will  expand  and  crack  the  concrete,  as  illustrated  in  Figure 
25.     The  amount  of  clearance  around  the  trunk  will  depend  some- 


FlGURE    25. 

what  on  the  age  of  the  tree,  bemg  greater  for  young  trees  hut 
should  never  be  less  than  6  inches  at  any  point.  Trees  whose 
roots  grow  laterally,  or  near  the  surface  of  the  ground,  are  more 
troublesome  than  those  whose  roots  grow  deeply.  Root  growth 
fractures  slabs,  and  the  destruction  thus  begun  is  completed  by 
frost  action. 

VAULT  WORK 

Beam  Construction.  The  specifications  forming  a  part 
of  this  booklet  deal  only  with  walk  on  an  earth  foundation 
but  for  the  benefit  of  those  who  may  also  be  interested  in  beam 
and  remforced  work,  Figures  26  and  27  have  been  prepared.  The 
special  features  in  vaulted  construction  are  covered  in  the  follow- 
ing quotation: 


t  "WALKS  LAID  OVER  VAULTS,  AREAWAYS    ETC 

BEAM   WORK  ' 

"Substructure.     The  substructure  shall  consist  of  stool 
1-benn.s  set  not  n.ore    than  five   (5')   feet  apart  f  1     ente 

"inch'  ^'^r'"r'  "'  '''''  ""'-^'^^  '^  -'t  at  leTst    igh 
to  thoT  7        "T""  """'  ""^  '°  ^'  ""^^y  bedded  in  masonry 
to  the  top  flange  of  same.     Where  practicable,  the  inner  end 

*       *       *       * 
"The  top  of  the  cnmpletal  iron  substructure  shall  ho  •, 
pl-n,o  ,„.ane.  four  (,",  inches  below  the  top  of  the  tished 

constlMo!:""™*  ^'"■'  ^'°'='  ""^^-"-"-^  ^=-"  >=»  -1  in 

<n«s::iri;ri^!,rr?^-2u::^---.H. 

*    *    *    * 

"Concreting.  Between  the  beams  set  in  place  as 
above  specified,  and  securely  fastened  to  the  lowS  fl.nl 
of  same,  snail  be  placed  temporarily  arched  fo,^  Tcemers 

tTelnc^L  h  "r  "^^"'  ''-'"'^  ^^^"  ^^  remoJedXn 
o  set  thTt    hot  "  thoroughly  set.     Said  forms  to  be 

so  set  that  the  top  or  crown  of  same  shall  be  two  (2")  inches 
below  the  top  of  the  steel  cross  beams."  ^ 

Figure  26  gives  details  of   this  construction  and  of   the   re 
qu.rc.!  forms  and  has  been  prepared  with  the  idea  of  makW  the" 
specifications  somewhat  clearer.  making  the 

It  will  be  noted  that  the  plate  which  supports  the  -irch  fnrrr, 
js  arranged  to  be  used  with  different  sized  be^r^s  by  h-  "n  J  t^ 
holes  on  one  side  in  the  form  of  a  slot  instead  of  "un J  Thelime 
scheme  can  be  carried  further  if  desired  and  a  single  plate  m.v  be 

It::  :^^  '  --^-  -^-^-"  -  --  -  £a^t  ^vi!^ 

...J^'  'T"^  •'■'''''  "^  '""''■^*^  ^h°"'''  be  "sed  in  all  forms  of 
^^alI^onstnlctlon.     Therefore,    by    taking    that    portion    ^  the 

Locai^;.^;::^::^;;;^:  "'"'^"'  ^"^-^^-^  '--^^  ^-^^-^'^^  B-d  of 
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Figure  26. 


Figure  27. 
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specifications  which  deal  with  materials,  mixing,  etc  with  the 
notes  quoted  from  the  Chicago  specification,  one  will  have  a  fairly 
comprehensive  specification  for  vaulted  work. 

Reinforced  Sidewalks.  The  use  of  reinforced  concrete 
in  sidewalk  construction  about  ofiice  buildings,  factories  an<l 
warehfmses  is  a  development  of  the  use  of  this  material  in 
buildings.  The  basements  in  such  cases  are  extended  so  as  to 
include  all  the  available  space  under  the  walks.  Reinforced  con- 
crete beams  are  cast  in  place  simultaneously  with  the  reinforced 
slabs  on  temporary  wooden  forms  which  cover  the  s])ace  between 
curb  and  building  wall.  Both  ends  of  the  beams  must  have  a  firm 
beanng,  either  on  a  solid  wall  or  pier,  and  the  reinforcement  must 
extend  well  over  the  point  of  support  to  resist  shear.  The  slabs 
should  be  reinforced  in  the  direction  of  the  run  to  take  up  the 
tensile  stress.     The  fact  that  the  slabs  are  flat  makes  this  precau- 


FiGLRE    28. 

A  most  miserable  piece  of  sidewalk  construction  is  sho^^•n  in  Figure  28 
Apparently  every  rule  and  precaution  necessary  for  the  production  of  first  cl.!s 
work  was  d.sre.arded  in  the  placing  of  this  walk.     The  fiU  was  insuftkicndyt^ 

n^d^'c^nrtricur^  ""  '°"'^^  "  '''  '-'■     ^'^^  ^^  -  e.tremel.amp'le 

tion  necessary,  but  in  "Beam  Work,"  reinforcement  is  not  needed 
because  the  arch  carries  the  stresses.  Reinforced  slabs  permit  ov- 
erhanging on  the  cantilever  principle.     The  method  of  reinforcing 
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illustrated  in  Fij^urc  27,  is  that  used  in  the  construction  of  th- 
concrete  warehouse  of  Montgomery  Ward  &  Company,  Chicairo 
In  this  particular  case,  the  beams  have  a  span  of  20  feet  an.l 
are  placed  8  feet  9  inches  on  centers.  They  are  loj  inches  wide 
and  23  J  mches  deej)  from  top  of  the  slabs.  The  si.Iewalk  slabs  are 
made  6  mches  thick  an.l  reinforced  with  i  inch  square  bars  on  ,0 
nich  centers.  ■^ 

COST  OF  WORK 

The  cost  of  cement  walk  will  vary  with  the  cost  of  materials 
and  la1)or  and  with  the  experience  of  the  men  doing  the  work- 
also  with  the  location  of  the  walk,  the  amount  of  walk  to  be  placed 
at  one  time  an.l  with  its  width.  Some  notes  based  on  actual  ex- 
perience relative  to  the  cost  of  a  walk  will  doubtless  j.rove  of  inter- 
est. The  cost  of  materials  given  below  includes  delivery  on  the 
work.  ^ 

Experience  shows  t^at  a  gang  of  six  men  can  lay  between 
600  an.l  800  square  feet  of  walk  in  a  .lay  of  10  hours  and  700  square 
feet  IS  consKlere.1  as  a  day's  work  in  arriving  at  these  figures  This 
estimate  is  based  on  a  6-foot  walk  ha^-ing  a  4-inch  base,  consisting 
of  I  part  cement,  2I  parts  sand  and  5  parts  crushed  stone,  covered 
with  a  2-mch  top  ot  i  part  cement  an.l  ij-  parts  sand.  The  stone 
ranged  in  size  from  J-inch  to  |-inch  and  contained  48  per  cent 
voids.  A  goo.l  grade  of  lake  sand  passing  a  J-inch  screen  was 
used.  The  sand  contained  36  per  cent,  voids.  The  mixing  was 
done  by  hand.  ^^ 


LABOR 

One  Finisher    (Tt    S^. 00  per  day  .  «;  -  r,« 

Five  La})()rers  (a.  S2  .  00      "     "      ....'.".''' •:>.■..  00 

Total  cost  of  labor  per  100  sq.  ft.. °°  ' 

MATERIALS 

Cement,     2 . 5  barrels,   (u   S2.00  ]kt  barrel.  .  S  ;  00 

stom>.    1.1zcu.y.is.@s1.50  "  cu. yd. .■.;;;    ;;66 

^'.ind,            .77                (fi   Si. 00     "         "  „ 

Cinders,     2.7         "        («        .  ;o     "         "           '"  ,11 

Total  cost  of  materials  for  roc  square  feet              '  8  7 8 

Total  cost  of  laying  100  square  feet ."..'.' ' .' '  ^q'  g^ 

It  should  be  noted  that  this  estimate  provides  for  a  walk 
where  an  excavation  for  the  sub-base  was  necessary,  as  shown  in 
Figure  I. 
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Figure  29. 
Metal  tools  used  in  cement  sidewalk  construction. 
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TOOLS  AND  EQUIPMENT 

Successful  sidewalk  construction  is  much  more  .lependent  upon 
expenence  and  sound  jud^.ent  than  upon  the  capLl     ".13 

at  home.  See  Figure  lo,  page  28.  Several  gauges  will  be  recmircd 
corresponding  to  the  different  widths  in  whkh  u..lks  are  lai  1 '  The 
gauges  should  be  made  of  wood  J-inch  thick.  an<l  fomunl  to  do 
termme  the  grade  of  the  base  and  sub-base  relative  to  the  fin  Ic^l 
gradeof  the  walk.  The  straight  edge  may  be  a  piece  of  ^inch  w  od 
about  3  inches  wide  or  a  light  metal  bar.  and  is  used^n  u'  k  g 
the  op  down  to  the  grade  established  by  the  side  fom.s  Tht 
wocKlen  finishing  trowel  is  made  from  a  board  6  inches  by  x.inches 
and  provided  with  a  hewn  handle.  The  finish  produced  by  this 
Figur!.  '""'''  '"  ''''''  '''-'''  '>'  '""^  ^^-'  ^--^  illustrJ^t'd  in 

The  wooden  tamper  shown  in  Figure  10  will  answer  very  well 
for  home  jobs,  but  where  any  quantity  of  work  is  contempla  ed 
a  steel  rammer  should  be  provided.     The  square  shaped  e^ts 

rr:;p7"wh;rth"'t'^°"^  '^  '''^''  ^^-^^  '^  I-ferable\ofrZd 
tamper      Where   the  top  ,s  tamped   from   the  base  mortar    the 

special  form  of  rammer  illustrated  in  Figure  17  is  also^se        Thl 

groover  has  a  steel  blade  .-inch  deep 'and  il  us^fforlrkW 

been  removed.     The  edger  is  used  to  round  off  the  edges  o   a  walk 
vith  a  radius  of  about  ^-inch.     The  set  of  metal  toJs  illustn   ed 
m  Figure  .9  can  be  purchased  from  hardware  dealers  for  Ibou 
$10.00.     The  tooth  roller,  which  is  not  an  essential  tool    is  the 
most  expensive  item,   costing  S6.00.     There  are  on  the  marked 

spe"c?:;\rk'Tri°^-^',^,  tools  mustrated.  and  also  ^toXt 
special  Nvork.  It  is  desirable  to  have  a  special  die  made  with 
which  to  imprint  the  work  with  the  contractor's  namT  addrlss 
and  year  of  construction.  '  '^^'^^^^s 

In  addition  to  the  tools  mentioned   and   the  measuring  box 
described  on  ,age  .8.  the  equipment  should  contain  a  toolbox 

tape,      chalk  ime.     shovels,   picks,   trowels,   steel  wheelbarrows 

fo™s  and  fo.  p„.ec4  the  ^1  ^lll:^  J'    Ts  I L^  t 
ordinary  requirements.  ^uiuciLnt  lor 
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SPECIFICATIONS  FOR  PORTLAND  CEMENT 

SIDEWALKS 

MATERIALS 

Portland  Cement  The  cement  shall  conform  in  ever>'  detail 
to  the  Standard  Specifications  for  Portland  Cement  adopted  by 
the  Amencan  Society  for  Testing  iMaterials. 

Sand.  The  sand  shall  pass  a  No.  4  screen  and  be  free  from  all 
foreign  matter,  excepting  loam  or  clay,  which  will  be  permitted 
If  the  quantity  does  not  exceed  5  per  cent,  and  when  these  ingre- 
dients do  not  occur  as  a  coating  on  the  sand  grains 

Not  more  than  40  per  cent,  shall  be  retained  on  a  No.  10  mesh 
Or  35  per  cent,  pass  a  No.  10  and  be  retained  on  a  No.  20       ' 
Or  35  per  cent,  pass  a  No.  20  and  be  retained  on  a  No.  30' 
Or  35  per  cent,  pass  a  No.  30  and  be  retained  on  a  No   40' 
Or  35  per  cent,  pass  a  No.  40  and  be  retained  on  a  No   50' 
Not  more  than  20  per  cent,  shall  pass  a  No.    50    mesh 
Or  70  per  cent,  pass  a  No.  10  and  be  retained  on  a  No  40' 
Or  70  per  cent,  pass  a  No.  20  and  be  retained  on  a  No  50' 

1  u®;,  .^^°"^  ^^""^  ^"^  '''^'^^^  ^'■""^  clean, sound,  hard, durable 
rocks;  shall  be  screened  dry  through  a  ij-inch  mesh  and  be  re- 
tained on  a  i-inch  mesh. 

Screenings.  Screenings  through  a  }-inch  mesh  from  the 
crushed  stone  specified  above,  may  be  substituted  for  sand  if  ap- 
proved by  the  engineer.  They  shall  be  dean,  dry.  well  graded  and 
free  from  excessive  dust,  which  shall  not  occur  as  a  coating  on  the 
particles  ot  stone.  ^ 

Gravel.  Gravel  shall  be  clean,  hard  and  vary  in  sizes  from  that 
retained  on  a  i-mch  mesh  to  that  passed  by  a  ij-inch  mesh 

Unscreened  Gravel.  Unscreened  gravel  shall  be  clean  hard 
and  contain  no  particles  larger  than  i|-inch.  The  proportion  of 
fine  and  coarse  particles  must  be  determined  and  corrected  to 
agree  with  the  requirements  for  concrete.  (See  Base,  Proportioning  ) 

Foundation.  Clean,  hard  cinders,  slag,  gravel,  crushed  stone 
or  broken  bnck  shall  be  used  for  the  sub-base.     The  material 

dimen"sbn     '"'^"^'"  ^^^"  ^''''"'^  ""''  ^'"'^''^'^  '*  '"''^'''  '"  ^^"^  ^^'"^^'^ 

Water.     Water  shall  be  reasonablv  clean,  free  from  oil   sul 
phunc  acid  and  alkalis. 

TUe.  Tile  shall  be  porous  cement  or  hard  burned  clay  tile  of 
uniform  size,  and  free  from  cracks. 
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be  no'J^t^nT.flitstKe^'*:-  .^^-^"^""^  =",» 
„^  1    u  n  I-  *  incnes  DeJow   the  finished  surface  of  the  wilW 

and  ^sl.all  have  a  slope  toward  the  curb  of  not  less  than  Hnch 

and  ^TJ^  ^^^^:  ,  ^"  '°^'  "'•  ^P«"^  PJ^-^^^^  shall  be  dug  out 
and  all  depressions  filled  with  suitable  fillinjj  material   which  sh" 
be    horoughly  compacted  by  flooding  and  tamping  in  layers  no 
exceeding  6  inches  in  thickness.  i^    S    "  i-tytrs  not 

I  fooUrth^^;  J^'"'  '"  ^r^  '^'  ^'"^^  *°  ^''^''  ^  fi»  ^--^e^ding 

ac^l  to  th  '  '■'"'''l^u^'  ''  '^""  ^'^  "^'-^^^  i'^  ^  "^^nner  satis 

facory  to  the  engineer.     The  top  of  all  fills  shall  extend  beyond 

^r:^z^£:^.t'' ' '--''  ^" ''- ''- ''-'  ^" 

inc.  ^^'^'     ^^'^''"  '•^■quifcd.  a  suitable  drainage  system  shall  be 

SUB-BASE 

Width;  ThickneM.  On  the  sub-grade  and  at  least  2  inches  bp 
yond  the  ,nner  and  outer  lines  of  the  walk,  shall  be  pread  dn 
ders  nr  other  suitable  material  hereinbefore  specified   Xh  sha"! 

nnaUrTdt  Tt^^V^  n^"*^^  "'  '"-'  '»  .nch«  b  1  th 
MuShofthem'™^-       .     '  '"^  ^■"^-•'^'^  *all  extend  the 
skL  of  the  ffl  "'  "'"  ^''""  ""^^  *■=  ^""-'  ^'°P=  -  the 

shdlTfkeM  tt?*-    M '"'  ~"'P"<^""S  the  sub-base  the  material 

FORMS 
Materials.    When  wooden  forms  are  used  they  shall  be  free  from 

Dt  removed  from  forms  that  have  been  used 

eiven^b?!?;  ^^'  ^"""^  '^,''"  ^" '"""  '^''^'^"^  t«  ^he  lines  and  grades 
finiX^^  .  f  T''  ""'^  '^"'^  "PP^'-  ^^'S^s  shall  conform  with 
finished  grade  of  the  walk,  which  shall  have  sufficient  rise  f  om 


edKeofthesub.bast:!t  ;hXrs1a>7a'/in^W-1'    ''"'"^'^i^t^j-V  ^^elovv    the    outer 
to  that  used  in  the  f..undatS;?.i%tiL^:/SiJl?^.tr;  d"raS'  '^  •"^''^""'  '^''"••- 
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the  curb  tc,  pn,vi,!e  projK,-  .IniinaRo.  but  this  riso  shall  not  exceed 
of'the^I^lk  '"''""^''  ''"""'''■  '"'■''  '"'  '*'''"  '''"■^'""'  ''^^'  '^'"K^h 

in  tK^?!r  '"'Iff"'-    ;^^  ''"^'  ''^""'^  *'''''-'^*""'  ^''■••^^•''-^"nns  shall  be  put 

bite  of  Blocks.  I'urms  shall  bo  s.,  spacv.1  that  n..  block  shall 
contain  more  than  ,,6  square  feet  or  have  any  .limension  greater 
than  6  feet.  K'«^"itr 

Expansion  Joint     A  .m-ial  parting  r.trip  J-iueh  thiek  shall  take 

ualk.     When    the  walk   has   bt-conie  suHieientlv   hanl     this   ,nrt 
ing  stnp  shall  be  removed  and  the  joint  filled  with  sui'lable  mate- 
nal  pnor  to  opening  the  walk  to  trallie.     Similar  joints  shall  be 
provided  where  new  walk  abuts  eurbing  or  other  eement  or  stone 

Forms  Wet.  All  forms  shall  be  thonmghly  wetted  before  any 
material  is  (lejx)sited  against  them. 

BASE 

Proportioning.  The  concrete  for  the  base  shall  be  so  protxjr- 
loned  that  the  eement  shall  overfill  the  voids  in  the  sand^Tat 
least  5  per  cent  an,l  the  mortar  shall  overfill  the  voids  in  the  sLne 
or  gravel  by  at  least  lo  per  cent.     See  Note  2. 

When  the  voids  are  not  determined,  the  concrete  shall  have 
the  proportion  of  x  part  cement.  3  parts  san.l  or  screenings  and 
5  parts  stone  or  gravel.     See  Note  3. 

Mixing.  The  san<l  shall  be  evenly  spread  on  a  level  water-tiuht 
platform   and    the   cement   spread    ujKm   the   sand.     After   thor 

Formula:  Percent,  voids  =- ^^^ 

scree^:  !|^.S??"r'r.;^-|3l^.:;S.5.^  -^  -^ 

gregatlv'^ '""""'"*-'  "  "  ""'"''  --Pl--thod  4  determininK\'."- ,.s  in   coarse  ..«- 

weight  of  the  aggregate  c^u^ilir  ^'^   "  "'"'  ^'^''  "K«^^'K^'t<-'  ""J  If'  net 

Formula:  Per  cent,  voids  =   i^-'Zj'ioo 


The  larger  tlie  vessel,  the  niuie  aciuraie  the  result 
Uo  not  use  a  vessel  of  less  than  J  cubic  foot 


capacity. 


volume* V,  cubfc  toof  '""'"'  ""^''"^  ''  ^"""^^  '''^''  '-  considered  to  have 
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ouRhly  mixing  the  dry  materials  to  a  unif<.rm  colDr,  tlu-y  shall  be 
formtHl  into  a  crater  or  trench  and  practically  all  o(  the-  water 
required  shall  be  a.ldwl  at  one  time  and  the  mass  turned  until  a 
homogeneous  mortar  of  even  consistency  is  obtaini^l.  Ad.litional 
water  required  shall  be  a<lde<l  in  the  form  of  a  spray.  T..  this 
mortar  shall  be  adde<l  the  r^iuired  amount  of  stone  ..r  gravel 
previously  drenclu-.!  an<l  the  whole  shall  then  bi-  mixe.l  until 
all  the  aKKrejrate  is  thoroughly  coated  with  mortar. 

Where  unscreened  gravel  is  used,  the  cement  an<l  gravel  shall 
be  thoroughly  mi.xed  .Iry  until  no  streaks  of  cement  are  visible. 
Water  shall  be  a.lde.1  as  i)rcvir)usly  described  in  suOicient  (luantity 
tf)  render,  when  thoroughly  nii.xed,  a  concrete  equivalent  to  tha't 
specified  above. 

Water  may  he  ad.led  .luring  the  process  of  mi.xing.  but  the 
concrete  shall  ],e  turned  at  least  once  immediatelv  after  Us  addi- 
tion. 

■  Retempering.     Retempering  will  not  be  permitted. 
Machine  Mixing.     Machine  mi.xing  will  be  acceptable  when  a 
concrete  eciuivalent  in  quality  t<.  that  speeifie<l  above  is  obtained' 
The  mixing  of  mortar  and  concrete  shall  be  thorough  and  satis- 
factory to  whe  engineer. 

Thickness.  The  base  shall  be  at  least  4  inches  thick  an.l  the 
top  surface  at  least  I  of  an  inch  below  the  finishe.1  surface  of  the 
walk. 

Depositing.  The  concrete  shall  he  deposited  before  it  shows 
any  tendency  to  harden,  but  in  all  cases  shall  be  deposited  within 
40  mmutes  after  bemg  mixed  and  shall  be  transferred  to  the  forms 
m  water-tight  wheelbarrows.  The  wheelbarrows  shall  not  be  fille<l 
so  full  as  to  permit  mortar  to  slop  out  and  shall  not  be  run  over 
the  freshly  laid  concrete. 

The  concrete  shall  be  spread  evenlv  and  tamped  until  water 
flushes  to  the  top.  After  the  concrete  has  been  thoroughlv 
rammed  agamst  the  cross-forms,  they  shall  be  remove.1  an.l  the 
material  for  the  next  block  deposited  so  as  to  preserve  the  j..int 
Care  shall  be  taken  to  maintain  rectangular  blocks  of  uniform 
size. 

Care  of  Base.  Workmen  shall  not  be  permitted  to  walk  on 
freshly  laid  concrete  an.l  where  sand  or  dust  gets  on  the  base  it 
shall  be  carefully  removed  before   the  wearing   course  is  applied. 
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WEARING  COURSE 

Mixing.     Tin-  mnrtar  shall  he-  mix.-.l  in  the  s.',mc  mannor  as  the 

mortar  l..r  ihr  l.asc-.  hut  in  the  prn,..rtion  uf  ,  ^vmvm  to  ,i  san.l 
or  scTeenmKs.  an.l  it  shall  hv  „i  such  cnnsistt-ncy  that  it  will  „ot 
rc.|un-r  tamping,  hut  will  he-  rea.lily  fl„ati.l  with  a  straiK'lit  .■.!«, 
Thickness.     Tin-  wcariuK  course  shall  have  a  thiektuss  of   ,t 
least  ,' <.f  an  iiifh. 

Depositing.  The  mortar  shall  he  sprea.l  r,n  the  has,-  within 
30  muu.tes  alter  mixing,  or  .efore  it  shows  anv  tendency  to 
hanlen.  hut  m  no  case  shall  nmn.  than  ,0  minutes  ela,.se  hetween 
the  time  that  the  concrete  for  the  hase  is  mixe.l.  an.l  the  tini.^ 
that  the  wearing,'  crmrse  is  floated. 

Block  Markings.  After  working  the  top  to  an  appn.ximatelv 
true  surface,  the  hlock  markings  shall  he  made  <lirectly  over  the 
jomts  m  the  hase  with  a  tool  which  shall  cut  clear  through  to  the 
hasean.l  completely  separate  the  wearing' courses  of  adjacent  hlrK-ks- 
this  to..l  to  he  followed  by  u  tool  forming  a  Kro..ve  at  least  l-inch 
tleep. 

Edges  Rounded.  The  hlocks  shall  he  rounded  on  all  surface 
cd^es  to  a  radius  of  ahout  J  of  an  inch. 

Troweling.  When  partially  set.  the  surface  shall  he  troweled 
smooth. 

Roughened  Surfaces.  On  jjrades  exceeding'  5  jkt  cent,  the 
surface  shall  he  roughened. 

When  a  roughened  surface  is  required,  it  may  be  obtained 
by  the  use  of  a  grrK.ving  to.;l,  tr.othe<l  roller,  brush,  wooden  trowel 
or  other  suitable  tool;  or  by  working  coarse  san.l  or  screenings 
into  the  surface. 

Color.  If  artificial  coloring  is  desired,  only  mineral  colors 
shall  he  used  which  shall  be  incorixorated  with  the  entire  wearing 
surface. 


PROTECTION 


When  completed,  the  walk  shall  be  kept  moist  and  protected 
from  tratllc  and  the  elements  for  at  least  three  davs.  The  forms 
shall  not  be  removed  during  this  time  ;ind  upon  removal  earth 
shall   be  banked  against  the  edge  of  the  walk. 
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EVERY  BARREL  FULLY  GUARANTEED 


\ukan  l>ortlan<l  Cement  is  manufactured  from  Cement  Rock 
(Argillaceous  Lunestone)  at  Montreal.  This  de,K.sit  of  cement  stone 
even  surpasses  m  uniformity  and  o  ,K,sition  the  rock  of  the  famous 
Leh.gh  Valley  distnct  of  the  United  States.  The  plant  is  modern  and 
complete  and  m  charge  of  competent  chemists  .  ,d  engineers  who  have 
had  many  years' e.xpericnce  in  manufacturing  cement.  Ix,th  in  Canada 
and  the  United  States. 

The  cement  shows  great  strength,  fine  grinding,  absolute  soundness 
and  uniformly  good  color,  all  of  which  combine  to  ma.3  it  the  best 
cement  for  sidewalk  work.  In  all  cement  construction  absolute  sound- 
ness in  the  cement  is  essential,  and  every  barrel  of  -Vulcan-  Portland 
Cement  is  guaranteed  to  pass  standard  accelerated  tests  for  constancy 
of  volume.  ^ 

With  a  storage  capacity  of  neariy  half  a  million  barrels  and 
vvarehouses  accessible  to  the  Canadian  Pacific.  Grand  Trunk.  Cankdian 
Northern  and  Intercolonial  railways,  and  water  transix^rtation  via  the 
St.  Lawrence  Rner,  prompt  shipment  of  well-seasone,l  cement  can 
always  be  depended  upon. 

WM.  G.  HARTRANFT  CEMENT  CO.,  LTD. 
Bank  of  Ottawa  Building. 

MONTRE.^L.  P.  Q..  Ca.NADA, 
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